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ABSTRACT
This dissertation examines the effect of increases in
the mother's level of education on the likelihood of
diarrheal morbidity among Sudanese children aged 6 to 23
months. Maximum likelihood logistic regression models are 
used in the analysis. The logit estimates obtained from 
these models revealed that children of mothers who are 
illiterate run on average more than 10 times the risk of 
diarrhea as that run by children to mothers with a senior 
secondary or higher education. Slight increases in the 
mother's education, as indicated by an incomplete primary 
school education, reduce the likelihood of diarrhea by more 
than 50%. Further reductions in the likelihood of diarrhea 
occur when the child's mother completes primary school. 
Children of mothers who completed junior secondary school 
education run risks of diarrheal morbidity similar to those 
experienced by children of mothers in the low risk senior 
secondary or higher educational category.
The analysis carried out in the course of the
dissertation clearly indicates that the effects exerted by 
increases in maternal education on the likelihood of diarrhea 
are beneficial. The major implication of this study for 
countries like the Sudan, which continue to debate the place 
of women in society and ponder the nature of the effects that
vi
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increases in female education may have, is clear: policies
that aim at reducing female enrollment in higher educational 
institutions will be counterproductive. Development and 
health policies are unlikely to attain their objectives if 
restrictions are placed on how far females in Sudan can 
advance on the path of education. Any limitation on female 
educational achievement can only signal future problems in 
the welfare of this country's, or any country's, children.
vii
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CHAPTER ONE
INTRODUCTION
In Sudan1, like in most Third World countries, child 
health indicators lag behind those in the developed countries 
of western Europe, North America and Japan. In 1982, the 
Principal Report of the 1979 Sudan Fertility Survey (SFS) 
conceded that the health conditions which have prevailed in 
Sudan since its political independence in January 1956 were 
likely to be responsible for the high mortality levels, 
particularly infant and child mortality. This was stated in 
reference to the fact that the 1955-56 census reported an 
infant mortality rate of 93.6, while the 1973 census gave a 
rate of 96 (cf Department of Statistics, 1982: 7).
Sudan covers an area of about 2.5 million square 
kilometers. It is Africa's largest country (occupying one 
tenth of the continent's total land area) extending from 
about latitude 3 degrees to 23 degrees north and from 
longitude 22 degrees to 3 9 degrees east. It gained political 
independence from Great Britain on January 1, 1956 and has
subsequently been under successive military rule, except for 
two brief periods of civilian government between 1956-58 and 
1986-1990. The Sudanese economy is based on agriculture, 
which provides employment for more than 75% of the country's 
labor force and contributes by more than 40% to the Gross 
Domestic Product (GDP). However, the last twenty-five years 
or so (that is, from the mid-1960s to the present) have been 
marked by continuous economic decline (cf Sultan, 1993) . 
This is coupled with a rapid population growth. The 1955-56, 
1973, and 1983 censuses reported a total population of 10.3 
million, 14.1 million, and 20.6 million, respectively. 
Projections by the Census Office estimated the total 
population of Sudan in 1989 at 24.5 million (Department of 
Statistics, 1991: 1).
1
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Despite evidence of some improvement, childhood 
mortality levels continue to remain high. The summary report 
of the 1989/1990 Sudan Demographic and Health Survey (SDHS) 
indicates that the neonatal mortality rate remained unchanged 
during the decade between the SFS and the SDHS at 44 deaths 
per 1000 births. However, mortality among children under 
five years of age declined by 14%, from 143 deaths per 1000 
births to 123 per 1000 (Department of Statistics, 1991: xix) . 
Nevertheless, despite attempts to achieve sustained 
improvements in child nutrition, health, survival prospects 
and general welfare, success continues to elude everyone, in 
particular the national government.
There is no lack of argument over what might account for 
the high childhood mortality levels in Sudan. For instance, 
a 1991 Department of Statistics report emphasized the 
importance of the level of the mother's education by stating 
that
"the level of mother's education and the 
length of the preceding birth interval play 
important roles in child survival. Children 
of mothers with no education experience nearly 
twice the level of under-five mortality as 
children whose mother had attained senior 
secondary or higher education" (Department of 
Statistics, 1991: xix).
However, there are also strong indications that point to 
diarrhea as being the perpetual culprit which causes poor 
health and low survival prospects of young children in Sudan. 
In this regard, it was noted in 1982 that
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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"Sudan still experiences a relatively high 
incidence of disease. The chief determinants 
of morbidity and mortality among children are 
diseases of the respiratory system, and 
diarrhoeal and malnutrition diseases. 
Diarrhoeal disease, in particular, is the most 
important cause of ill health and death among 
children in the Sudan and one which flourishes 
where sanitation is poor and knowledge of 
hygiene limited" (Department of Statistics, 
1982: 7).
The preceding citations indicate a degree of confusion 
over the relative importance of the factors which affect the 
likelihood of diarrheal morbidity among Sudanese children. 
This is seen especially in the case of the mother's level of 
education. For instance, the 1991 report by the Department 
of Statistics concluded that
"maternal education has almost no effect on 
the incidence of diarrhoea except that the 
lowest prevalence of diarrhoea was among 
children whose mothers had senior secondary 
education (21 percent)" (Department of 
Statistics, 1991: 100).
This conclusion is problematic. If increases in the 
mother's educational level play pivotal roles in reducing the 
likelihood of death among young children (cf Department of 
Statistics, 1991: xix), then these increases should have
similar effects on the likelihood of diarrhea, the major 
contributing factor to childhood mortality.
The evidence of a high risk of disease among children in 
Sudan suggests that research which examines the nature of the 
causal association between the incidence of disease and its
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
determinants is needed. Studies which examine the causes of 
low health status and death among children under five years 
of age can be important tools for proper nutrition and health 
policy planning and interventions.
A consistent finding in the literature on Third World 
children is that maternal education is one of the most 
important determinants of child health outcomes. Hence, 
analysis to determine the accuracy of the Department of 
Statistics' conclusion that maternal education does not 
affect the likelihood of childhood diarrheal morbidity in 
Sudan (Department of Statistics, 1991: 100) becomes
imperative.
What is noted, however, is that the handful of previous 
studies on the nutrition and health status of Sudanese 
children have unreliable conclusions. The findings of these 
studies are based solely on percentages obtained from 
classifications of disease categories and anthropometric 
measurements by the place of residence, season, type of food 
consumed by the child and the child's age (El Amin and 
Grobler, 1991; Dodge et al., 1987; Taha, 1977; Washi, 1992; 
Zumrawi et al., 1987). None of these studies is premised on 
a clear theoretical or conceptual framework. Furthermore, 
none used any of the standard multivariate statistical 
techniques to determine the magnitude and direction of the 
effects of the variables selected for analysis. Neither did 
the studies include any of the other variables that are
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conceptually considered accountable for change in child 
health outcomes (e.g., mother's education, father's 
occupation, childhood immunization, household sanitation, 
etc.).
The deficiencies of the previous studies create the 
impetus and motivation for further studies of child nutrition 
and health outcomes in Sudan. However, the new studies will 
have to be based on conceptual frameworks that define which 
variables are relevant to the issue. This is one way of 
avoiding the pitfalls of earlier research. My intention is 
to formulate such a framework and use it as a basis for an 
analysis which examines the likelihood of diarrheal disease 
among children under the age of two years.
The primary focus of this dissertation will be on how 
maternal education affects the probability of diarrhea among 
young children in Sudan. This apparent bias towards maternal 
education is not unusual. There is a vast conceptual debate 
which stresses that increases in maternal education are major 
contributors to improvements in the health, nutrition and 
survival prospects of children in the Third World. A 
perennial issue in studies of childhood mortality, nutrition 
and health outcomes in developing countries is to show that, 
regardless of limited resources and lack of access to medical 
service facilities and effective sanitation tools (for 
instance, clean water and soap), poor but educated women 
could still raise healthy children.
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In a country like Sudan whose political leadership is 
currently experimenting with ideas of an Islamic state and 
educational system and continues to debate the place of 
females in society and their role in family life, research 
that documents the effects of female education is desperately 
needed. Among other things, this research will show that the 
placement of any limits on female educational enrollment, 
particularly at the senior secondary school and university 
levels, will be counterproductive.
The central objective of this dissertation is the 
determination of whether increases in the educational level 
of the mother contribute to reductions in the likelihood of 
diarrheal morbidity among very young children in Sudan. A 
related objective is to find out whether maternal educational 
achievement has consistent effects on the likelihood of 
childhood diarrheal disease. It should be pointed out, 
however, that the attention maternal education receives in 
both the sociological and economic development literature 
exceeds by far that which has been devoted to childhood 
diarrheal morbidity.
Among childhood diseases, diarrhea is one of the most 
menacing. It has been singled out as a major threat to child 
survival. This is particularly true in the case of a large 
number of developing countries, especially in Sub-Saharan 
Africa where this form of morbidity accounts for most of the 
child deaths (cf Kirkwood, 1991: 134-157; Ofosu-Amaah, 1991:
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
119; World Bank, 1993: 18-19) . Yet, when it occurs, diarrhea 
is considered one of the easiest conditions with which to 
deal. The same can be said about its prevention.
This paradoxical nature suggests that diarrheal 
morbidity is important in the sociological understanding of 
the dynamics of childhood mortality, especially in countries 
where the rates of this form of mortality are high. 
Examining how particular individual and household level 
socioeconomic and demographic variables affect the incidence 
of diarrheal morbidity will further the understanding of one 
the diseases that sometimes lead to childhood deaths. 
Moreover, the disentanglement of the effects exerted by such 
variables as the level of household sanitation, drinking 
water quality and methods of disposing human fecal matter on 
the likelihood of diarrheal morbidity will be instrumental in 
highlighting some of the processes leading to a terminal 
stage in child development.2 This is what underlies the 
significance of this dissertation.
Alternatively, the practical rationale of this 
dissertation is derived from a rising concern about child 
health and nutrition outcomes in developing countries. For 
such countries, these aspects of child development are
2. Note that T. Paul Schultz listed hygiene, water and 
sanitation as proximate variables to be included in models of 
infant and child mortality (Schultz, 1984: 216). However, 
Schultz ignored all of these variables when he estimated the 
infant mortality models (see models 5 and 6 in Schultz, 1984: 
229). Other than in Schultz's study, one is unlikely to find 
a listing of these variables in typical mortality analyses.
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critical national development policy issues. Their 
importance is predicated by the assumption that they are 
important indices of the degree of national economic 
development and social welfare. They are also considered 
determinants of future adult productivity (Reutlinger and 
Selowsky, 1976; Sorkin, 1976; Strauss, 1990; Wolfe and 
Behrman, 1982; World Bank, 1980). Not only that, but 
deteriorations in child nutrition and health are both 
precursors and predictors of childhood mortality (cf Bairagi, 
1981; Bouvier and der Tak, 1976; Chen et al., 1980; Kielmann 
and McCord, 1978; Martorell and Ho, 1984; Sommer and 
Lowenstein, 1975; Sorkin, 1976). Thus, in a review of the 
economic literature on health and mortality production, 
Martorell and Ho (1984) concluded that
"the studies reviewed here all show that 
severely malnourished children (i.e., those 
with very low anthropometric readings) have 
greatly increased mortality risks relative to 
normal children. Children with mild and 
moderate malnutrition (i.e., those with lower- 
than-average anthropometric readings) also 
showed increased mortality risks" (Martorell 
and Ho, 1984: 61) .
Among children under the age of five years, external 
factors are the primary determinants of differences in health 
and nutritional outcomes (Martorell and Habicht, 1986).3 
Given that child and infant mortality levels are still high
3. It should be noted that Martorell and Habicht (1986) 
discounted the importance of the role of ethnic or biological 
differences in the growth potential of children.
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in many parts of the Third World (especially in Sub-Saharan 
Africa), an investigation of what determines the likelihood 
of health outcomes that contribute to child deaths is 
imperative. Results of such an investigation are
instrumental for an understanding of childhood events that 
are likely to lead to mortality or have an effect on the 
general welfare of young children. The same results could 
also provide the basis for proper health, nutrition and other 
development policy interventions.
There are other reasons for further studies of child 
health outcomes in particular developing countries. For 
instance, Akin et al. (1985) argued that more studies of
child nutrition and health are needed since conditions in 
developing countries are unique. Such uniqueness derives 
mainly from the fact that many of the contributing factors 
that are considered invariable across households in developed 
countries often exhibit a degree of variability in the less 
developed countries. In the Third World, factors such as the 
condition of the dwelling, quality of drinking water, human 
waste disposal methods, type of family structure, beliefs, 
education, and the presence of communication equipment vary 
from household to household. These are the factors most 
likely to exert significant effects on child health outcomes 
(cf Akin et al., 1985: 121). I will end this discussion by 
pointing out that among other variables, the present study 
will investigate the effects of drinking water, human waste
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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disposal methods and education on the likelihood of childhood 
diarrheal morbidity.
In the following two chapters, I discuss selected 
literature on child health and outline the conceptual 
perspectives which guided previous studies of health 
outcomes. I also present conceptual and reduced models of 
child health outcomes and childhood diarrheal morbidity. I 
have formulated these on the basis of the discussion in 
Chapters Two and Three. In Chapter Four, I present a model 
for the statistical analysis of the study data. Chapter Five 
includes a presentation of the distribution of the analysis 
variables. The coefficients obtained from model estimation 
(presented in Chapter Six) indicate the magnitude and 
significance of the effects of the explanatory variables on 
the likelihood of childhood diarrhea in Sudan. All model 
statistics are obtained through multivariate logistic 
regression analysis. Compared to previous studies, the 
estimates obtained in this study provide a more accurate 
assessment of the influences exerted by the various 
explanatory variables on the likelihood of diarrhea among 
young children in Sudan. I conclude the dissertation by a 
brief summary and some recommendations for future health 
policy and studies of childhood diarrheal morbidity in the 
Sudan.
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CHAPTER TWO
REVIEW OF SELECTED LITERATURE
The effects of socioeconomic, demographic and health 
related variables on child health have been extensively 
examined in previous studies. For example, studies have 
shown that maternal education (cf Boerma et al. , 1990;
Gaminiratne, 1991; World Bank, 1993), the child's gender (cf 
Carloni, 1981; Chen et al., 1981; Haaga and Mason, 1987),
birth order (cf Behrman, 1988; Behrman and Taubman, 1986; 
Birdsall, 1991; Horton, 1988), birth intervals (cf Boerma and 
Bicego, 1991; Palloni and Millman, 1986), infant feeding 
decisions (Akin et al. , 1985) and breast feeding (cf
Cunningham, 1979; Cushing and Anderson, 1982; Harfouche, 
1970; Jelliffe and Jelliffe, 1978; Victora et a l . , 1987;
Waterlow and Thomson, 1979; Whitehead and Paul, 1981; Wray, 
1977) have significant effects on child nutrition and health 
outcomes. Previous studies have also suggested that water 
supply and household sanitation (cf Bateman and Smith, 1991; 
Gaminiratne, 1991), household economic strategies (Kaiser and 
Dewey, 1991), the size of agricultural land holdings, home 
ownership (cf Mazur and Sanders, 1988), health services use 
(cf Bicego and Boerma, 1991; Boerma et al., 1990; Orubuloye 
and Caldwell, 1975; Rosenzweig and Schultz, 1982) and 
seasonality (Akin et al., 1991; Tomkins, et al., 1982) have
11
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the potential of exerting significant effects on child 
nutrition and health outcomes.
Such a situation creates practical difficulties in 
accounting for and reviewing all of the pertinent literature 
on the determination of child health outcomes. For this 
reason, one is forced to focus on a select subset of the vast 
literature on child health in developing countries. This 
subset bears methodological and substantive relevance to the 
proposed study. The following pages include a discussion of 
the factors with which this study is concerned and which the 
proposed analysis model will incorporate.
Childhood Diarrheal Morbidity: Recent estimates show
that in Sub-Saharan Africa, child health and survival 
prospects are threatened by diarrhea. According to a World 
Bank (1993) report,
"the typical African child under five years 
old has five episodes of diarrhoea per year, a 
10 percent risk of suffering from diarrhoea on 
any given day, and a 14 percent risk of dying 
from a severe episode" (World Bank, 1993: 18).
For this reason, childhood diarrhea is now considered an 
important proxy of childhood morbidity in Sub-Saharan Africa 
(cf World Bank, 1993).
Diarrhea has a special relation to child nutrition 
outcomes. On the one hand, diarrhea has a direct effect on 
child anthropometry. Bouts of diarrhea are often reflected 
in different forms of malnutrition (moderate, acute, or
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 3
chronic) which are normally detected as declines in 
particular anthropometric indices (cf Bairagi, 1987; Heller 
and Drake, 1979; Henry et al. , 1987; Lutter et al. , 198 9;
Martorell et al., 1975). On the other hand, it is posited 
that poor nutritional status is one of the factors 
responsible for the occurrence of diarrhea (Heller and Drake, 
1979). Conceptually, a nonrecursive relation between 
diarrhea and nutrition outcomes is considered plausible 
(Heller and Drake, 1979; Simmons, 1988). Yet, the possible 
joint causation between diarrhea, and/or other forms of 
childhood morbidity, and child nutrition is seldom examined. 
Simmons (1988) stated that
"the two-way causation between health and 
nutrition has not always been taken into 
account, so that research findings on the 
relationship are sometimes rather dubious. 
With regards to the effects of health on 
nutrition, Barlow (1979) pointed out that 
certain diseases cause a decline in 
nutritional status. Diseases involving
diarrhea cause a rapid loss of nutrients.
... As for the effects of nutrition on 
health, nutritional status is a significant 
determinant of health, since children of 
below-average weight for their height have 
lower levels of resistance to illness" 
(Simmons, 1988: 165).
In what could perhaps be the only conceptually sound 
model of diarrhea-nutrition interactions yet to be 
formulated, diarrhea is purported to have a direct impact on 
child nutrition outcomes (Chen, 1983). This impact operates 
via at least four mechanisms: reduction of food intake
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occurring during diarrhea due to either child anorexia or 
maternal food-withholding behavior, or both; malabsorption of 
macro and micronutrients; disturbance of normal metabolic and 
endocrine functions; and protein and other nutrient losses 
directly into the gastrointestinal tract (Chen, 1983: 8-10). 
The present study will only estimate the effects of 
sociodemographic variables on the probability of diarrheal 
morbidity among children under the age of two years.
Maternal Education: Studies have shown that maternal
characteristics such as education, work participation and 
financial independence are important determinants of child 
health outcomes and survival prospects. Evidence of the 
positive effects of maternal literacy is found in many 
studies. For instance, Esrey and Habicht (1988) observed in 
Malaysia that even though both types of household obtain 
water from unsafe sources, the risk of child deaths is lower 
in households with literate mothers than in those with 
illiterate mothers (cited in Gaminiratne, 1991: 773). A
recent report indicates that the positive effects of maternal 
education on child health and survival are also observed in 
a number of Sub-Saharan African countries, including Sudan 
(cf World Bank, 1993). According to the World Bank (1993), 
results from data obtained from household surveys in
"Ghana, Nigeria, and Sudan show that the 
single most important influence on child 
survival is the level of a mother's education"
(World Bank, 1993: 34).
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The same report also notes the significance of the effect of 
increases in the level of maternal education on the survival 
prospects of children. According to the World Bank (1993), 
there is evidence showing that in Sub-Saharan Africa
"the effect of a mother having attained 
secondary level education may contribute to 
lowering the infant mortality in a given 
family by as much as 50 percent" (World Bank,
1993: 34) .
Using a microeconomic framework, Schultz (1988) 
concluded that women with strong preferences for engaging in 
market activities also exhibit a preference for fewer than 
average numbers of children and more than average preference 
for child health and schooling, other things being equal 
(Schultz, 1988: 165) . Such women are likely to have had some 
education. For them, the cost of the time lost in child 
rearing is relatively high compared to the likely market 
earnings which could have been realized over the same time 
span. Such women are better off spending more time in 
income-generating activities than in child rearing. 
Therefore, they are likely to put to work practices which 
ensure the survival of a small number of children (Schultz, 
1988) .
The demographic literature attempted to provide 
explanations of the behavioral patterns which serve to 
mediate the maternal education advantage effect on childhood 
nutrition, health, and survival prospects. Some centered
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around the education-conditioned use of health services (both 
traditional and modern) and patterns of family formation. 
Although there is considerable evidence that better educated 
mothers more commonly use maternal and child health services, 
and have more knowledge about immunization schedules than 
less educated mothers (cf Boerma et al. , 1990, Cebu Study
Team, 1991) , other studies found that the effect of maternal 
education on child health and nutrition does not operate 
through differential health service utilization or family 
formation (cf Hobcraft et al., 1984; Hobcraft et al., 1985).
The question of whether greater access increases or 
decreases the education-conditioned use of child-related 
health services or the effect of education on child health is 
not easy to settle. For instance, Orubuloye and Caldwell 
(1975) found that access to health services in rural Nigeria 
amplifies the maternal education effect on child mortality. 
Only in situations where access to health services is 
possible can the increased autonomy and personal capabilities 
brought about by education be fully utilized by mothers for 
the purposes of improving child health and, arguably, 
nutrition (Orubuloye and Caldwell, 1975). Yet, Rosenzweig 
and Schultz (1982) argued, on the basis of findings from data 
from urban Columbia, that greater access to health services 
improves child survival to a greater extent among the 
children of less educated than among the children of the more 
educated women. Thus, greater access narrows educational
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differentials. These findings are consistent with findings 
from ecological studies, which document a narrowing of 
educational differentials during periods of increasing access 
to health services (cf Bicego and Boerma, 1991).
Gender Effects: In studying gender effects, researchers
have tried to explain male preference by focusing on two 
separate arguments; namely, that male children provide 
greater household utility or that gender preferences are in 
response to differing market returns to human capital 
investments in males and females. Parental preferences for 
male offspring are evident in the different feeding 
practices, medical care and quality of child care time given 
to boys (Carloni, 1981; Chen et al., 1981; Scrimshaw, 1978).
Bias against females in the intrahousehold distribution 
of food and other resources has been shown in many societies. 
It is considered a significant contributor to the higher 
rates of morbidity and malnutrition among women and young 
girls (Haaga and Mason, 1987) . In one region of the 
Philippines, this bias appeared to have a perverse effect. 
Girls were fed more vegetables and boys were fed more of the 
high-calorie and socially more desirable staples of corn and 
rice. As a result, the male children were heavier and less 
likely to be malnourished, but they were significantly more 
likely to have a vitamin A deficiency, which was associated 
with blindness in the male population (Solon et al., 1978) .
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Epidemiological studies have also pointed to the fact 
that large gender differences exist in a variety of infant 
nutrition and health outcomes. For instance, Barnes (198 9) 
analyzed the same data examined later by Akin (1991) to study 
male and female growth rates. Using epidemiological 
techniques, she found that males and females seemed to be 
treated very similarly with respect to clusters of variables 
representing sanitation practices and preventive health care 
provisions, but that feeding patterns appear to differ by 
gender to some degree. Males tend to receive more protein 
and calories from supplementary food than females, who are 
more likely to be exclusively breast-fed. Barnes concluded 
that nutrition patterns favored female rather than male 
growth. This conclusion was based on her attempt to isolate 
the biological and behavioral relationships. However, Akin 
(1991) argued that because of the lack of a conceptual model 
which shows the link between these relationships, Barnes's 
results are not definitive. They do, however, point toward 
the possibility that differences in human capital investments 
are important contributors to health differences (Akin et al, 
1991: 267-269).
Finally, the existence of evidence that male children 
are favored more than female children (Haaga and Mason, 1987) 
does not necessarily mean that female children suffer higher 
risks of disease. There is evidence showing that female 
children are biologically more resilient than male children.
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In this regard, Gaminiratne (1991) noted findings from 
various studies which indicate that boys are less buffered 
against environmental stresses than girls (Gaminiratne, 1991: 
771-772).
Household Composition: There seems to be a general
consensus in the literature on child health that the 
composition of a household affects the health of young 
children. However, the effects of household composition on 
child health outcomes have been examined in a number of 
different ways. For instance, some studies estimated the 
effect of the presence of both parents (cf Folbre, 1984), 
while others examined the effects of the actual size of the 
household (cf Horton, 1986; Wolfe and Behrman, 1982), 
crowding (cf Mazur and Sanders, 1988) and the presence of 
other siblings in the household on child health outcomes (cf 
Desai, 1991) .
Using a "bargaining power approach"1, Folbre (1984) 
found that the presence of both parents (intact family) has 
positive effects on the child's nutrition outcomes (cf 
Folbre, 1984). Studies which examined the effect of the size 
composition of the household on child health often found that 
increases in the size of the household impart adverse effects 
on children aged 0 to 59 months who reside in the same
:. The 'bargaining power approach' is proposed as an 
alternative to the neoclassical economic approaches to the 
family. Its beginnings are largely attributed to the works 
of Manser and Brown (198 0) and McElroy and Horney (1981) . 
The approach will be discussed in the following section.
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household (cf Horton, 1986; Wolfe and Behrman, 1982). The 
same effect is observed in the case of children in polygamous 
unions. In both cases, the suggestion is that (compared to 
children living in smaller households or in monogamous 
unions) the father's income is shared by a large number of 
household members, thus reducing the share per child. 
Furthermore, Mazur and Sanders (1988) found that crowding, 
despite the actual size of the household, has negative 
effects on child nutrition and health.
The effect of the presence of other siblings in the 
household on child health outcomes is often examined. 
Analysis findings always tend to confirm a significant 
negative effect on child health outcomes. The substantive 
explanations usually point to the increased potential of 
infection and disease transmission as the underlying 
mechanism for any deterioration in child health. However, a 
noted exception is found in the study by Desai (1991) which 
examined the effect of siblings on stunting in children aged 
6 to 3 6 months. The study used DHS data from north-east 
Brazil, Colombia, the Dominican Republic, Ghana, Mali and 
Senegal (Desai, 1991: 1005). The findings from the Latin 
American countries' data show that the presence of siblings 
has a large and statistically significant negative effect on 
child nutrition (Desai, 1991: 1005). However, the estimates 
for the three West African countries point to a small and 
statistically nonsignificant negative effect of siblings.
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According to Desai (1991),
"competition by co-resident siblings under age 
5 tends to have a small negative impact on the 
nutrition of children aged 6 to 3 6 months in 
Ghana while the presence of other siblings has 
no impact on child nutrition in Senegal and 
Mali" (Desai, 1991: 1005; underlined words are 
added by the author of this dissertation).
Desai (1991) explained the small negative effect by referring 
to the practice of child fostering which is common in West 
Africa2 and argued that his findings support
"the argument that selective fostering of 
children tends to spread out the cost of child 
rearing across families and over parental 
life-span, which results in the weakening of 
the inverse relationship between family size 
and resources available to each child" (Desai, 
1991: 1005) .
However, on balance, the studies of Third World child 
health outcomes tend to find negative effects that are 
attributable to the presence of other children in the 
household.
Location of Residence: Studies of child health outcomes
generally regard the location of residence as a crude proxy
According to Desai (1991),
"parents frequently foster out one or more 
children, mostly to relatives though some 
times also to non-relatives. They may bear 
some of the childrearing costs, particularly 
educational expenses, but much of the cost is 
borne by the foster parents" (Desai, 1991: 
1002 ) .
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of the availability and access to modern health services and 
exposure to modernization (cf Mburu and Boerma, 1991: 1456). 
The location of residence is also shown to be strongly 
associated with such variables as the quality of drinking 
water and environmental sanitation. For example, Bateman and 
Smith (1991) found from the Guatemala DHS data set that the 
quality of drinking water is lower in rural households and 
that rural households have unhealthy sanitary conditions (cf 
Bateman and Smith, 1991: 1506-1513)
Studies have also reported differences in child health 
outcomes in terms of differences in the location of the 
household to which the child belongs. Children living in 
urban households are shown to have better health outcomes 
than children in rural households (cf Bateman and Smith, 
1991: 1513). Furthermore, some studies have indicated that 
controlling the effect of residence has the potential of 
affecting the strength of the effect of education on child 
nutrition and morbidity risk (cf Bicego and Boerma, 1991; 
Horton, 198 6; Kaiser and Dewey, 19 91).
Water Supply and Sanitation: The health benefits of
improved water supply and sanitation methods are well 
documented. Previous studies indicate that the provision of 
safe water in adequate quantities and of sanitary toilets 
notably reduce diarrheal and various other infectious 
diseases (cf Bateman and Smith, 1991: 1505). It is usually 
argued that the effects of water supply and sanitation on
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health are indirect. Several mechanisms through which these 
effects operate have been identified. For instance, clean 
water is considered one of the factors responsible for 
preventing the spread of a number of waterborne diseases such 
as common diarrhea. Also, it is argued that increases in the 
quantity of and access to clean water give household members 
the chance to improve personal and general hygiene through 
the washing of hands and cooking utensils, practices which 
stop the direct spread of pathogens (Bateman and Smith, 1991: 
1505-6) . Thus, Henry (1981) reported findings from studies 
in St.Lucia in the West Indies, which showed how the use of 
adequate water by the households reduced the incidence of 
diarrheal and skin diseases. In Haiti, a significant 
prevalence of diarrheal diseases was associated with low 
usage of water during periods marked by water shortage 
(Gaminiratne, 1991: 766-767). A study conducted in Brazil 
also reported that availability of piped water, the absence 
of flush toilets and poorly built housing were associated 
with high mortality from diarrheal diseases. However, when 
the effects of confounding factors were controlled, only 
water supply proved to be statistically significant (Victora 
et al., 1988) .
The findings on the beneficial effects of water supply 
and sanitation are inconclusive. There are other studies 
that failed to find the expected relationship between water 
supply and diarrheal diseases. However, supporters of the
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argument that water supply and sanitation are undoubtedly 
beneficial attributed these failures partly to methodological 
pitfalls in study design and inadequate controls (Blum and 
Feachem, 1983) and partly to lack of understanding of certain 
behavioral characteristics which have important effects on 
health. In Bangladesh, for instance, Levine et al. (1976)
assessed the impact of providing community tube wells on the 
incidence of cholera. To the surprise of the researchers, 
the impact was negligible because households continued to use 
the sources that they had always used. Levine et al. (1976)
noted that the use of these other sources was influenced by 
the level of education, with less educated women resorting to 
water from traditional sources (Gaminiratne, 1991: 766-767).
Similarly, Gaminiratne (1991) concluded on the basis of 
the Sri Lanka DHS data that the effect of water supply on the 
incidence of diarrhea is negligible so long as "the general 
cleanliness and personal and domestic hygiene are poor" 
(Gaminiratne, 1991: 773). However, he found that the toilet 
facility has a strong effect on the incidence of childhood 
diarrhea. Children in households with sanitary toilets 
(either water seal or flush toilets) were 55 percent less 
likely to have diarrhea than those in households without 
toilet facilities. Also, the probability of diarrhea was 
relatively high among children in households with non- 
sanitary toilets (pit latrines or buckets). Yet, children in 
these households are about 10 percent less likely to have
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diarrhea than those in households without toilet facilities 
(Gaminiratne, 1991: 773).
In their review, Bateman and Smith (1991) stated that
the
"review of the literature shows an overall 
greater decrease in diarrheal disease in 
children with improved sanitation . . . than 
with improved water supplies (Bateman and 
Smith, 1991: 1506).
Though they derived their conclusion from the review of only 
a few studies, they argued that it not surprising. For 
Bateman and Smith (1991),
"adequate sanitation, that is adequate 
disposal of feces, is the primary barrier of 
fecally transmitted disease" (Bateman and 
Smith, 1991: 1507).
Since there is evidence showing that access to sanitation 
lags far behind access to adequate water supplies (Bateman 
and Smith, 1991: 1506-1507), it is often argued that
reductions in the incidence of diarrheal disease among 
children will require increased emphasis on sanitation (cf 
Bateman and Smith, 1991).
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CHAPTER THREE
CONCEPTUAL PERSPECTIVES
Studies of child nutrition and health outcomes have been 
conducted using either of two theoretical frameworks: a
micro framework or a macro framework. These frameworks 
generally define the approaches to be used in the study of 
child nutrition and health. Such approaches are often shaped 
by disciplinary concerns over which variables are appropriate 
for the analysis and the functional specification of the 
relations among these variables. However, movement across 
disciplinary boundaries is often undertaken. The result 
usually takes the form of a break away from strict model- 
building guidelines.
Within the micro framework, the study of the 
behaviorally-mediated socioeconomic and demographic 
determinants of individual nutrition and health outcomes has 
largely been dominated by microeconomics. Within
microeconomics, there are three major theoretical approaches 
which have directed most of the previous studies of 
individual and household nutrition and health outcomes. 
These could be described as the neoclassical Health 
Production Function Approach, the Joint Household Utility 
Approach of what is being labeled as the 'new household 
economics' and the Bargaining Power Perspective.
26
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The macro framework can be divided into economic and 
demographic perspectives. The Health Production and Demand 
Approach and the Poverty and Undernutrition Argument
represent the economic perspective on individual nutrition 
and health at the macro level. The demographic perspective 
is derived from the demographic theory of fertility and John 
Caldwell's arguments in his attempts to restate the 
demographic transition theory. Furthermore, attempts at 
crossing disciplinary boundaries resulted into what came to 
be termed the Proximate Determinants Framework proposed by 
Mosley and Chen (1984) . These perspectives provided guidance 
to most of the studies of individual nutrition and health. 
In what follows, I will outline these perspectives.
Part 1 
The Micro Framework 
A. Microeconomic Perspective
In the tradition of microeconomics, the study of child 
health outcomes requires close identification of the level of 
household income, prevailing prices and some of the 
intermediate (or proximate) determinants (cf Akin et al., 
1991; Behrman and Deolalikar, 1988; Blau, 1984; Heller and 
Drake, 1979; Rosenzweig and Schultz, 1982, 1983; Schultz,
1984, 1988; Wolfe and Behrman, 1982). Emphases are put on 
the determining force of labor market factors (prices, wage 
levels, or opportunity cost of time) in shaping the 
individual and household behavioral responses (both economic
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and demographic). Thus, T. Paul Schultz stated that the
"microeconomic analysis of family economic and 
demographic behavior rests on the hypothesis 
that people allocate time and other economic 
resources in response to the value of the time 
of each family member, the amount of the 
family's nonhuman capital endowments, and the 
relative prices of the family's market inputs 
and outputs. The market place sets wage rates 
for various types of labor, and thereby 
determines the value of the time of persons 
working in the market or hiring additional 
labor to supplement their own efforts within 
the family's productive activities. Despite 
the diversity in family and market structures 
and the different degrees of coordination in 
production, consumption, and reproduction 
within the family/household in different 
societies, this greatly simplified economic 
approach to the interrelated labor market, 
demographic, and demand behavior of family 
members has provided a useful framework for 
much empirical research in high- and low- 
income countries" (Schultz, 1984: 220).
Within this framework, the proximate determinants of an 
individual's health and nutrition are conceptualized as 
products of the household's decisions. Thus, Behrman and 
Deolalikar (1988) stated that
"the proximate determinants of an individual's 
health and nutrition usually are decisions 
made by the individual or by the household in 
which he or she lives - given assets, prices, 
and community endowments" (Behrman and 
Deolalikar, 1988: 637).
It is posited that the effect background socioeconomic 
determinants exert on the child nutrition and health outcomes 
must operate through vectors of proximate determinants (cf 
Akin et al. , 1991; Schultz, 1984). Yet, there is no
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consensus on the exact definition of what constitutes a set 
of proximate determinants. This could explain why the 
vectors containing proximate determinants vary in size and 
substance across different studies. Whichever variables are 
identified as proximate are invariably conceptualized as 
products which enter a function for the production of child 
health and nutrition outcomes.1 The following is a 
discussion of the three microeconomic approaches to the study 
of individual health and nutrition.
A.I. The Health Production Function Approach
Within this approach, the child's nutrition and health 
outcomes and child survival are considered goods that are 
produced by the household according to a production function. 
In the modelling of the relations between the health outcomes 
and their determinants, a distinction is generally made 
between technical or biological relationships and demand 
relationships. The former link input variables (e.g., breast 
feeding, hygiene, child care, quality of drinking water, 
household sanitation, medical care and maternal fertility) to 
the production of health outcomes. The latter link
:. Schultz (1984), for instance, listed nutrition, 
breastfeeding, consumption patterns, hygiene, child care, 
water, sanitation, preventive and curative medical care, 
fertility and child spacing as some of the behavioral 
responses (choices) a woman and family make to minimize the 
probabilities of infant or child mortality (Schultz, 1984: 
216). Akin, et al. (1991), on the other hand, employed
infant weight at ages 4 and 6 months, preventive health care 
use, calorie consumption, severe respiratory infection, 
diarrhea, infant feeding and parity as proximate determinants 
of infant weight (cf Akin, 1991: 273).
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individual preferences to the demand for consumption goods 
(including child health) and intermediate inputs, given the 
technological or biological relationships, the prices of 
inputs and initial factor endowments (cf Akin et al., 1985a; 
Akin et al. , 1991; Behrman and Deolalikar, 1988; Blau, 1984; 
Schultz, 1984, 1988; Wolfe and Behrman, 1982).
Under the assumption that the functions have desirable 
properties which allow reaching an internal maximum, the 
constrained maximization of preferences is explained in terms 
of a set of reduced-form nutrition and health demand 
functions. In each of these functions, the left-hand side 
contains endogenous variables. The right-hand side contains 
all the exogenous variables which include prices, endowments, 
net transfers, and wealth (Behrman and Deolalikar, 1988: 
646) .
In addition to the empirical estimates of production 
functions which determine health outcomes, quasi-reduced 
forms are often estimated. In the quasi-reduced functions, 
health outcomes are posited to be determined by some inputs 
from the structural health production function (e.g., health- 
related inputs such as immunization or clean drinking water) 
and some variables from reduced-form demand relations (e.g., 
income).
However, the quasi-reduced functions are considered to 
be of limited usefulness. The argument is that they 
generally neither reveal all of the structural parameters nor
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the total impact of exogenous changes. Behrman and 
Deolalikar (1988) argued that if these functions are to be 
estimated, the simultaneity of any right-hand-side endogenous 
variables should be controlled in the estimation (Behrman and 
Deolalikar, 1988: 648).
By underscoring preference, the variables contained in 
the production functions are not universal. They are 
determined separately for each individual or household. 
However, it is noted that variations are minimal, and most of 
the utility functions employed using this approach converge 
upon vectors of variables representing health, leisure, food 
consumption, and nonfood consumption for every family member. 
However, Schultz (1984) noted that the production functions 
employed using this framework
"contain little information about economic or 
demographic behavior per se; they represent 
physical-technological limitations of the 
human environment and knowledge of how to use 
this environment. The demand functions 
contain the economic core of the model. 
Strong assumptions are usually made regarding 
the optimizing behavior of the individual or 
the family in choices of economic or 
demographic behavior, over a budget of given 
resources, whose exchange values (prices) are 
fixed in the market place, subject to 
technically fixed production possibilities" 
(Schultz, 1984: 224).
A.2. The Joint Household Utility Approach
This is a product of the 'new household economics' . A 
major contribution of the 'new household economics' is to 
highlight the role of productive activity within the
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household and of time as a scarce economic resource. The 
theoretical foundation of this research area is largely- 
attributed to the works of Gary Becker (cf Becker, 1960, 
1965, 1976, 1981; Ghez and Becker, 1975). 'New household
economics' models are based on the premise of the household 
as a cohesive unit. The models are distinguished by their 
focus on the household as a whole. Little attention is paid 
to what actually happens inside the household. The models 
are typified by the inclusion of household-produced goods in 
a joint utility function and use of a full income constraint 
with a restriction which accounts for the limited time 
available to family members to allocate among various 
activities, including leisure (cf Senauer, 1990: 412).
An underlying premise of the 'new household 
microeconomics' study of health outcomes is that the health 
and nutrition of an individual are determined by decisions 
made either by the individual or jointly with the members of 
the household in which the individual lives. In the case of 
children, these decisions are supposedly made by the adult 
members of the family. The argument here is that parents 
care about the welfare of their children. Thus, due to 
altruism and expectations of future intrageneration transfers 
of resources, it is argued that it is in the interests of the 
parents to invest in the human capital represented by their 
children in order to enhance the children's future income- 
generating potential (Folbre, 1984; Senauer, 1990).
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In the joint utility approach, the analysis of 
individual health and nutrition is normally structured around 
models in which the household attempts to maximize a single 
utility function which is constrained by two sets of 
constraints. The first is a set of production functions 
which can be subdivided into functions
"that produce health and nutrition, ones in 
which health and nutrition affect other 
outcomes, and ones in which health and 
nutrition do not enter" (Behrman and 
Deolalikar, 1988: 640).
The second set of constraints are the time and income 
constraints which can be combined into a full-income
constraint (cf Behrman and Deolalikar, 1988; Pitt and 
Rosenzweig, 1986; Senauer and Garcia, 1991; Wolfe and
Behrman, 19 82). However, these constraints could be further 
decomposed and elaborated. Wolfe and Behrman (1982), for 
instance, defined ten constraints for a single utility
function (Wolfe and Behrman, 1982: 167-8).
According to the 'new household economics', all family 
members contribute their separate incomes and resources to a 
common family pool. Family members are assumed to do so 
because of their affection for each other. However,
allowance is made for those who are likely to cheat and keep 
greater portions of their incomes (resources) to themselves 
by proposing a "rotten kid theorem" (Becker, 1976: 270, 1981: 
183) which argues that all households are governed by an
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altruistic head of the household who has the power to control 
all family members, thereby ensuring efficient pooling and 
distribution of household resources of time and money. 
Parental authority over young children is consistent with the 
proposition of an "altruistic dictator" head of the 
household. Since children are assumed to be quite incapable 
of making proper decisions until they reach a certain age, 
decisions are made for them. Such decisions are supposed to 
be in the child's (or children's) best interest (cf Folbre, 
1984: 307) . The implication concerning the child health and 
nutrition outcomes is that the altruistic sentiments 
prevalent in every household guarantee adequate nutrition and 
health for the children.
The 'new household economics' arguments have been 
challenged on the basis of the contradiction between the 
expectation of an overriding self-interest in the market and 
altruism within the family (cf Berk and Berk, 1983; Folbre, 
1988), the documented existence of non-pooling households (cf 
Fapohunda, 1988; Folbre, 1984), the diversity of household 
arrangements across different cultures and the possibility of 
differential altruism within the family (cf Desai, 1991).
The last two factors have direct implications for the 
study of child health outcomes and the commitment of 
resources to the welfare of the family members. By ignoring 
the possibility of differential altruism, 'new household 
economic' models, like those proposed by the utility
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maximization approach, are unlikely to distinguish between 
the welfare of children in consensual and legal unions. If 
socioeconomic status is held constant and these factors are 
accounted for, then one would expect to observe greater 
investment in the children's health within legal marriages 
than in consensual unions.
The rationale for this argument is provided by the 
observation that infant and child mortality are higher among 
children of mothers in consensual unions than of those born 
to mothers in legal marriages (Carvajal and Burgess, 1978; 
United Nations, 1985) . The same argument is also applicable 
in the case of polygamous unions. It is suggested that 
family resources devoted to child nutrition and health are 
far less in these two types of union than in legal marriages. 
In this regard, while discussing altruism and resource 
pooling within the family, Desai (1991) pointed to the 
likelihood that
"one or both parents in consensual unions 
would choose to hold on to their personal 
income and invest less in the marriage and 
children than partners in unions based on a 
greater degree of commitment" (Desai, 1991:
1001).
A.3. The Bargaining Power Perspective
Four propositions guide this approach. The first is 
that both altruism and conflict of interests account for the 
distribution of goods and leisure time within a household. 
Second, in any household, an individual's share of the
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household's total income is partly determined by the 
individual's bargaining power. Third, changes in the 
relative bargaining power of men, women and children occur 
over the course of economic development. Fourth, changes in 
the distribution of goods, leisure time and the price of 
alternative goods produced in the household (including 
children) are a result of changes in the bargaining power 
structure (Folbre, 1984: 304).
The underlying premise of the bargaining model is that 
an individual with a higher earning potential has more 
bargaining power in terms of household decisions,2 and hence 
may be favored in the allocation of goods which include food 
and other health-related inputs (cf Folbre, 1984; 1986;
Jones, 1983; Senauer, 1990). Studies using the bargaining 
model framework indicate that increases in female control 
over income result in improvements in the nutritional and 
health status of the family members. This is particularly 
evident in the case of young children. In this regard, it is 
often argued that women are perhaps more concerned than men 
about the nutrition and health of their family members. 
Thus, when coupled with having more decision-making power, 
women are likely to spend more of the household income on 
food and health care (cf Folbre, 1986; Kennedy and Cogill, 
1987) .
2. For a discussion of bargaining models, see Manser and 
Brown (1980) and McElroy and Horney (1981).
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Yet, Behrman and Deolalikar (1988) argued that for most 
practical purposes the
"bargaining model has no different 
implications for empirical specification since 
the same structural and reduced-form relations 
for health and nutrition result. ... The 
interpretation of some variables, however, 
might differ to the extent that such variables 
reflect the bargaining power of different 
household members instead of the productivity 
of their human capital" (Behrman and
Deolalikar, 1988: 638).
This argument does not imply that either of the other two 
approaches to individual nutrition and health is analytically 
superior relative to the bargaining model approach. The 
entire approach to the production (or constrained 
maximization) of individual nutrition and health, whether 
based on utility maximization, 'new household economics', or 
bargaining model, is beset by weaknesses. To highlight 
these, one could refer to such arguments as those made by 
Behrman and Deolalikar (1988) who stated that
"at any rate, the true human health production 
function is a complex relationship that cannot 
be captured easily by regression analysis 
based on single-period, cross-national 
nutrient intake, anthropometric, morbidity and 
endowments data. Individual-specific
immunity, either acquired or inherited, may 
have an important bearing on the conversion of 
nutrients into health. The lag between 
ingestion of nutrients and the production of 
health also is likely to be complex and 
probably needs to be modeled as a dynamic 
process. In addition, while diseases (health 
outcomes) are determined by the level of 
nutrient intakes, they also influence the 
utilization of nutrients. For instance,
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episodes of severe diarrhea during infancy can 
affect adversely the production of a child's 
height from given levels of nutrients 
Most health production function studies have 
not been sufficiently sensitive to these 
problems" (Behrman and Deolalikar, 1988:
672) .
Also, the validity of the assumption that all proximate 
determinants are products of deliberate and rational 
decisions made on the basis of prevailing commodity prices, 
asset endowments, and wage levels is questionable. This is 
obvious in the case of a number of intermediate variables 
such as birth order and the child's gender.
Conceptually, these variables could not be considered 
products of a child health and nutrition input production 
function. Furthermore, the consistent finding that income 
effects on child nutrition and health outcomes are seldom 
significant (cf Aguillon et al, 1982; David et al, 1983 ; 
Kaiser and Dewey, 1991; Kennedy and Cogill, 1987), that 
maternal education is an important determinant of child 
health (cf Caldwell, 1976), that households are not 
necessarily intact and their arrangements are varied and that 
decision making in the household is not necessarily guided by 
market price signals (Caldwell, 1976; Caldwell and Caldwell, 
1987; Horton, 1988; Martorell and Ho, 1984; Mosley and Chen, 
1984) , call for a reconsideration of the reductionist outlook 
of the economic approach. Crossing disciplinary boundaries 
and full accounting of the proximate sociodemographic
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covariates seems essential for a better understanding of 
changes in child nutrition and health outcomes in Third World 
societies.
In addition, the microeconomic approach has also been 
criticized on a number of other counts. For instance, its 
narrow focus on the direct effects of income on nutrition and 
health, the assumption of the rationality of the parents' 
decision-making, the frequent dependence on sparse data, the 
doubtful relevance of the approach to situations in the 
developing countries and the exclusive focus on the internal 
workings of the household while abstracting from the 
psychosocial, sociocultural, and institutional contexts in 
which the households are located are some of the weaknesses 
that need to be addressed and rectified before embarking on 
research (cf Simmons, 1988: 123-124).
Part 2 
The Macro Framework 
At the macro level, explanations of change in individual 
nutrition and health have largely been directed by arguments 
generated from economic and demographic theories. The 
economic approach focuses on the relation between per capita 
income and individual nutrition and health outcomes, while 
the demographic approach attempts the explanation of 
nutrition and health at the macro level in terms of the 
possible effects of population growth (or the factors 
responsible for it) on individual health outcomes.
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A. Economic Perspective
The macroeconomic perspective on nutrition and health 
outcomes at both the country and cross-national levels is 
based on The Health Production and Demand Approach. The
approach is premised on the assumption that a country is a 
composite of consumers, or corresponds to a representative 
consumer (cf Behrman and Deolalikar, 1988: 674) . Most of the 
macro nutrition and health demand or production estimates are 
obtained after an initial aggregation over the micro factors 
considered relevant for individuals and households, such as 
income and prices.
Even if one opts to avoid attaching behavioral 
interpretations to the findings of cross-national or country- 
specific analysis, it would still be difficult to overlook a 
number of serious estimation problems. For instance, the use 
of average data may be misleading if there are indications 
that average values range widely within countries and 
households. Furthermore, the variables that most cross- 
national studies of nutrition and health demand treat as 
exogenous (viz. infrastructure facilities, per capita GDP, 
food prices) very often reflect choices of national health 
and nutrition policy makers (Behrman and Deolalikar, 1988: 
674). Finally, the per capita GDP of a country may proxy a 
much larger number of variables than the average income of 
its residents. It is well established that per capita GDP is 
highly collinear with urbanization, literacy, health,
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infrastructure, as well as a host of other aggregate 
variables. A positive association between nutrition and/or 
health and per capita GDP thus tells us very little about how 
economic development affects individual nutrition and/or 
health (Behrman and Deolalikar, 1988: 674).
B . Demographic Perspective
For the developing world, John Caldwell's works 
represent the macro demographic perspective on nutrition and 
health (Caldwell, 1976, 1980, 1981, 1986; Caldwell and
Caldwell, 1987), and in particular his restatement of the 
demographic transition theory. Caldwell's revision of the 
theory is built on two premises. The first, that within the 
developing world regional differences in fertility 
performance appeared to reflect more than just differential 
economic development. The second, that cultural factors 
could provide significant explanations of fertility behavior. 
Thus, Caldwell (1976) argued that economic rationality is 
culture-specific and that the net flow of intergenerational 
wealth is the major determinant of the level of fertility.
In his argument (Caldwell, 1976), the agrarian nature of 
developing countries implied that children are contributors 
to family's income, social status of the parents and a source 
of their security at old age. Hence, in these societies net 
wealth flows originate from children. Consequently, high 
fertility is a rational economic behavioral choice. The 
theoretical implication is that economic rationality which
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dictates high fertility behavior also carries with it the 
expectation that parents will behave in a manner which will 
ensure the health and nutrition of their children.
A reversal of the direction of the wealth flow is 
expected with the onset of economic growth and development. 
Low fertility behavior and more concern with child quality 
are the economically rational choices under such conditions. 
A mechanism which Caldwell stressed as being significant in 
bringing about declines in fertility and improvements in 
child nutrition, health and survival prospects is mass 
education, especially the change in female attitudes and 
attitudes towards females it brings about.3 All are factors 
that contribute to lower fertility and improve child survival 
prospects (cf Caldwell, 1981: 114).
Criticism could be directed at Caldwell's theory on the 
basis of questions over verification and data comparability. 
The main concern is that the standardized or readily 
comparable data on intergenerational wealth flows which are 
needed to verify Caldwell's theoretical claims are yet to be 
constructed. It is also possible to argue that Caldwell's 
emphases on the possibility of positive change in the
'. Caldwell argues that female education brings improvements 
in child care behavior as a result of a reduction in fatalism 
in the face of illness, a greater capacity to manipulate the 
surrounding environment (especially health service 
facilities) , and due to the changes in the traditional 
balance of family relations concomitant with shifts in power 
from che patriarch and mother-in-law to the child's mother. 
The latter factor creates the assurance that child will 
receive a greater share of family resources.
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attitudes towards females are difficult to reconcile with 
certain social realities in the Third World. In this regard, 
Folbre (1986) argued that
"Caldwell seems to have an overly optimistic 
view of the 'liberating' effect of capitalism 
on women within his 'family' mode of 
production. He often implies that the 
emergence of capitalist relations of 
production unambiguously improves women's 
position, an assertion that is not only 
somewhat inconsistent with the literature 
reviewed above but also difficult to reconcile 
with the persistence of a significant sexual 
wage differential and increasing incidence of 
female poverty in highly developed capitalist 
economies" (Folbre, 1986: 29) .
Part 3
The Proximate Determinants Framework
Mosley and Chen (1984) provided what they termed a 
'proximate determinants framework' as an alternative for the 
analysis of child survival in developing countries. The main 
premise of the model proposed by Mosley and Chen (1984) is 
the existence of a set of behaviorally-mediated biological 
mechanisms through which underlying socioeconomic 
determinants must operate in order to affect child nutrition, 
health and survival prospects (Mosley and Chen, 1984: 27). 
These mechanisms constitute the proximate determinants which 
Mosley and Chen grouped into five categories. The first 
includes the maternal factors of age, parity and birth 
interval. The second represents environmental contamination 
in terms of the routes (e.g., air, water, food, inanimate
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objects, insect vectors) via which pathogenic agents are 
likely to be transmitted to the human body. The third 
includes nutrient (calories, protein, and micronutrients) 
intake. The fourth includes accidental and intentional 
injury types. The last category includes medical treatments 
and preventive measures (Mosley and Chen, 1984: 27-28).
The socioeconomic determinants are grouped into three 
broad categories representing individual-level, household- 
level and community-level variables (Mosley and Chen, 1984: 
34) . Individual-level variables are subdivided into two 
subcategories. The first subcategory includes skills 
(measured by educational level), health and time. These are 
considered factors that determine the productivity of the 
adult members of a household. However, Mosley and Chen 
(1984: 34) argued that if the analysis focuses on a child, 
the effects of the mother's skills, health and time on the 
child's health should be considered separately from the 
father's productivity elements. The rationale is stated as 
follows:
"for fathers, particularly in the urban 
sector, educational levels usually correlate 
strongly with occupation, and therefore with 
household income. Fathers' education is a 
strong determinant of the household's assets 
and the marketable commodities the household 
consumes. Thus, in many cases correlations 
between health effects and educational level 
of fathers (or other nonchildbearing, 
economically productive adult members in a 
household) largely occur because of operations 
on the proximate determinants through the
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income effects. Father's education may also 
influence attitudes and thus preferences in 
choice of consumption goods, including child 
care services. This effect is likely to be 
most significant for child survival when more 
educated fathers are married to less educated 
mothers. . . . For mothers, the situation is
entirely different. Their skills, time, and 
health operate directly on the proximate 
determinants. Because of biological links 
between the mother and infant during pregnancy 
and lactation, the mother's health and 
nutritional status as well as her reproductive 
pattern influences the health and survival of 
the child. Because of her responsibility for 
her own care during pregnancy and the care of 
her child through the most vulnerable stages 
of its life, her educational level can affect 
child survival by influencing her choices and 
increasing her skills in health care practices 
related to contraception, nutrition, hygiene, 
preventive care, and disease treatment. In 
fact, so many proximate determinants may be 
directly influenced by a mother's education to 
radically alter chances for child survival" 
(Mosley and Chen, 1984: 34-35).
Grouped under the second subcategory of individual-level 
variables "are factors that shape and modify the economic 
choices and health-related practices of the individual 
according to the cultural traditions and norms of the 
society" (Mosley and Chen, 1984: 35). These include power 
relations within the household, value of children, beliefs 
about disease causation and food preferences (cf Mosley and 
Chen, 1984: 35-36) .
The household-level variables defined by Mosley and Chen 
(1984) include household income and the various goods, 
services and assets possessed by the household as a
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totality.4 Finally, community-level variables are identified 
as ecological setting, political economy and health system 
variables. The first group of variables includes climate, 
soil, rainfall, temperature, altitude and seasonality. The 
second is represented in terms of the mode of production and 
distribution of benefits, physical infrastructure, and 
political institutions. The health system variables are 
derived in terms of institutionalized actions carried out by 
the formal health system. Thus, they include disease control 
measures, cost subsidies, public information programs and 
medical technology (cf Mosley and Chen, 1984: 37-40).
Mosley and Chen (1984) concluded by stating that
"the significance of the proximate 
determinants model does not lie in simply a 
listing of the multiplicity of variables of 
interest or in concerns with scaling and 
measurement of these factors . . . Rather, the 
key advantage of the model lies in the 
organization of seemingly disparate measures 
of environmental conditions; of dietary, 
reproductive, and health care practices; and 
of disease states into a coherent framework in 
which they are linked to one another and to 
child survival on the one hand and to 
socioeconomic factors on the other. By 
limiting the proximate determinants to 14
4. Mosley and Chen's discussion on the ways in which 
household income and assets effects influence child health 
(Mosley and Chen, 1984: 36-37) is similar to the discussion 
involving these variables in the following section, and hence 
does not require repetition. However, Mosley and Chen (1984) 
did not point out the validity difficulties surrounding 
household income measures and, therefore, inadvertently 
concentrated on disposable (money) income and considered it 
"generally a powerful determinant of child mortality" and 
malnutrition (Mosley and Chen, 1984: 37).
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specific factors grouped into five broad 
categories, we are able to arrive at a scheme 
that makes feasible the integrated analysis of 
the biological and social determinants of 
mortality" (Mosley and Chen, 1984: 41).
These are the main conceptual perspectives on which 
studies of child nutrition and health outcomes have often 
been premised. Despite this plurality of perspectives, the 
nagging question which one cannot avoid is what sort of 
theory or methodology to utilize if one decides to undertake 
a study of the health and nutrition status of Sudanese 
children under the age of five years? In what follows, I 
present an alternative perspective which other researchers of 
this area of Sudanese studies have yet to use. It is not by
any means a conceptual or theoretical feat, but rather a
fusion of a few well-established approaches to the study of 
child nutrition and health. Yet, as stated in the 
introduction, given the quality of previous research (both 
published and unpublished) on the nutrition and health of 
Sudanese children, the proposed perspective and methods of 
analysis represent a clear improvement, albeit modest.
Part 4
A Perspective on Mother's Education and Other 
Sociodemographic Correlates of Child Health Outcomes
Upon reviewing the various conceptual perspectives and 
literature on child nutrition and health, one detects a sense 
of agreement on the importance of maternal education and 
other sociodemographic correlates for the analysis of child
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health outcomes in developing countries. Yet, it does not 
require great intellectual insight to notice the degree of 
fragmentation, involving the use of these covariates. By- 
fragmentation I mean the haphazard selection of few 
sociodemographic variables from the larger vector of 
conceptually relevant correlates of child health. This is 
probably done under the assumption that the selected 
variables are adequate for a comprehensive understanding of 
the sociodemographic mechanisms which account for some of the 
changes in children's health indicators. However, it is 
worth pointing out that there are no theoretical grounds for 
disagreeing with the selective employment of particular 
sociodemographic factors in studies of child health outcomes. 
Neither is there a clear unifying theory that provides an 
exhaustive definition of the correlates of child health 
outcomes. Therefore, when dealing with the issue of 
selective usage, the need for making an encompassing 
assumption becomes somewhat obvious. Such an assumption will 
allow one to transcend the restrictions on how many and which 
sociodemographic variables to use. Accounting for the 
conceptually relevant sociodemographic correlates of child 
health outcomes becomes possible.
The conceptual framework upon which this study is based 
is an adaptation of the conceptual models of Mosley and Chen 
(1984), Schultz (1984), and Chen (1983). However, before 
proceeding with the discussion of the conceptual framework,
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
4 9
the reader is reminded that a discussion of Mosley and Chen's 
(1984) conceptual model is found in the preceding section. 
Therefore, further elaboration is unwarranted.
Traces of Schultz's perspective on the determination of 
change in child health outcomes are found in the previous 
discussion of the microeconomic perspective (see Part 1 in 
this chapter) . Apart from these, we note that Schultz's 
(1984) main concern was to provide an economic framework 
which enables the researcher to evaluate "how the constraints 
on people's opportunities are associated with child health, 
presumably by affecting behaviorally some of the direct 
inputs" (Schultz, 1984: 215) to child nutrition and health 
outcomes. Therefore, his conceptual model incorporated 
breastfeeding, consumption patterns, hygiene, child care, 
water, sanitation, preventive and curative medical care, 
fertility and child spacing as some of the behavioral 
responses (choices) a woman and family make to minimize the 
probabilities of infant or child mortality or improve the 
child's health outcomes. The determinant variables 
underlying the risk of childhood mortality are defined as the 
preferences of the mother and other family members, the 
economic and biological endowments of adult family members, 
market exchange prices and wage rates, physical 
infrastructure and environmental factors. Of these, 
preferences and biological endowments are considered 
unobservable (Schultz, 1984: 216).
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The utility of Chen's (1983) framework on the 
interrelationship between diarrhea and nutrition outcomes 
stems specifically from its clarity in defining the location 
of the two variables (relative to each other) in a conceptual 
model: diarrhea comes first and directly affects nutrition 
outcomes.
On the basis of these frameworks, it was possible to 
construct Figure 1 which gives the graphical representation 
of the conceptual framework that forms the basis for the 
present study. It depicts a posited relationship among 
parental education and health endowments, the household's 
economic condition, mediating sociodemographic and 
environmental factors, child health outcomes and child 
survival.
The major focus of the following analysis will be on the 
effects of maternal educational achievement. The emphasis on 
maternal education has vast conceptual support grounds. 
Studies of child nutrition and health outcomes in developing 
countries show that irrespective of limited access to medical 
service facilities and effective sanitation tools (for 
instance, clean water and soap), poor but educated women 
could still raise healthy children. Although a clear 
demonstration of such a case might be a conceptual feat, the 
assessment of the effect of maternal education on child 
health could be improved through a conceptualization of the 
household as a socially constructed power structure.
























The reasons for this are varied. Helen Ware (1984) , for 
instance, noted that the majority viewpoint in the literature 
on the relative power of educated women in sub-Saharan Africa 
is that "educated women who marry men whose status and income 
are significantly superior to their own actually lose 
relative power" (Ware, 1984: 197) over decisions pertaining 
to household matters. Furthermore, as pointed out earlier, 
a segment of the literature on child nutrition and health 
outcomes reached a similar conclusion about situations where 
an older wife (in a polygamous household) , or a mother-in-lav/ 
(in an extended family) lived in the same household. Thus, 
a conceptualization of the household as a power structure 
will allow us to transcend the role of the mother's education 
as it relates to the skills and knowledge (which more 
educated mothers are likely to have) about preventive and 
curative medical interventions. It will be possible to 
investigate the nature of change in child health indicators 
in situations in which educated mothers might wield little or 
no power within the household.
Another advantage of such a conceptualization is in the 
ability to go beyond the assumption that altruism or 
dictatorship exists within households and more or less 
condition the behavior of its individual members. Only then 
will it be possible to establish the grounds for a detailed 
investigation of the factors which affect the relative roles 
of mothers in household decisions involving child nutrition
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and health. Following this, and given the findings of some 
of the studies discussed earlier, it becomes obvious that the 
mother's financial independence, the mother's age, and the 
child's age and gender should be included in the framework 
for a study of child health outcomes.
Financial independence, usually underscored by having 
complete control over the ways in which personal income is 
dispensed, underlies the mother's ability to devote resources 
for her children's nutrition and health regardless of the 
preferences or actions of other members of the household, 
including her husband and older members. Yet, as has been
pointed out in the literature review chapter of this
dissertation (Chapter Two), it is often argued that this
effect is enhanced when the mother's financial independence 
is coupled with more decision-making powers (Folbre, 1986; 
Kennedy and Cogill, 1987). Also, apart from being the result 
of more education, decision-making power is considered a 
product of age, with older mothers having larger shares in 
household decisions compared to younger mothers. This calls 
for controlling not only for the mother's actual age, but
also for reestimating the relationship between the mother's
age and the child's health outcome indicators after a
recoding of mother's age, so that a mother could be
identified as either a young or old mother.
Having said this, it is now apparent that the completion 
of the conceptual framework would also require the
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incorporation of the relevant father's attributes of age, 
employment status, and level of education in the analysis 
model. Although the literature indicates that these factors 
could impart separate direct effects on child health 
outcomes, the preceding discussion shows that they are in 
many ways closely intertwined with many maternal factors, and 
that a clearer understanding of the effect of the maternal 
education and financial independence somehow hinges on their 
incorporation in the study framework.
Furthermore, though a child's sex and age are by large 
physiological attributes, evidence of bias against females 
and younger children in the distribution of household 
resources (including food and quality care time), feeding 
practices, health services use, and higher rates of 
malnutrition among girls compared to boys in the same age 
bracket exists (Carloni, 1981; Chen et al., 1981; Haaga and 
Mason, 1987; Scrimshaw, 1978). It underscores the importance 
of incorporating the child's sex and age in the conceptual 
framework of child health outcomes. For this, we transcend 
the notions of dictatorship and altruism once more in order 
to posit that the family's behavioral responses involving 
child health vary depending on the child's sex and age. As 
a result, the conceptual framework, ensuing analysis and 
discussion are expected to capture and elaborate on the 
effects of differential preferences and/or bias on health 
outcomes.
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The conceptual framework will also include variables 
reflecting the mother's reproductive behavior, health 
services utilization, the child's birth order and morbidity, 
household environmental condition and household formation. 
The preceding discussion hinted at possible pathways through 
which some of these factors affect child health, and thus, 
further elaborations might prove monotonous and valueless.
In addition, the previous discussion of the literature 
indicates that short birth intervals and parity may have 
certain implications regarding child health outcomes. 
Newborn children with short preceding birth intervals may 
have to compete with immediate older siblings aged less than 
24 months for the mother's care and with all other members of 
the household for household resources. In situations where 
the mother is identified as one with high parity the impacts 
on the newborn are usually adverse. High parity may 
underscore a mother that is physically or healthwise depleted 
and who may not be in a position to provide high quality care 
for all her children or fully participate in the labor 
market.5 Apart from implying less food for both the mother
5. However, participation in the labor market does not 
invariably imply both necessary and sufficient conditions for 
improvements in child health or survival prospects. In this 
regard, while referring to a 1982 study on child mortality 
differentials in Sudan by Farah and Preston, Ware (1984) 
stated that they "found that the mother's participation in 
the labor force raise infant mortality by 27 percent in the 
capital, as compared with 10 percent for the country as a 
whole, possibly because educated women employed in the 
capital are more seriously disadvantaged by entrusting child 
care to illiterate maids or relatives" (Ware, 1984: 205).
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and the newborn, the presence of many siblings may also imply 
rapidness of spreading or a higher frequency of occurrence of 
infectious diseases. When coupled with a situation where the 
household's environment is not conducive to good health, the 
effects of the disease-generating potential of a large number 
of siblings in the household on child health outcomes look 
serious enough not to be overlooked.
I note here that the existing literature on child health 
outcomes tends to indicate that a substandard household 
environment evolves where difficulties in obtaining adequate 
quantities of clean drinking water persist, or where human 
waste matter is not disposed of in a healthful manner, and 
where the materials used in the construction of the dwelling 
(especially the roof) do not guarantee isolation from the 
harmful effects of natural elements. As explicitly suggested 
by the design of this conceptual framework, the various 
effects on child health outcomes are direct.
Following the discussion carried out hereabove, I 
constructed Figure 2 which gives a graphical depiction of the 
causal relationship between the variables included in the 
models that will eventually be estimated and discussed in 
this dissertation. It represents a reduced (parsimonious) 
form of the conceptual model shown in Figure 1. Arrival at 
this form is guided by a number of previous studies of 
childhood diarrhea (cf Bateman and Smith, 1991; Gaminiratne, 
1991) and by the various claims as to what factors underlie
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the elevated incidence of diarrheal disease in Sudan. The 
reductions are accomplished by excluding parental health 
endowments, the mother's reproductive behavior, household 
formation, the child's birth order and its share of the 
household's resources from this model.
It is obvious that the genetic endowments (or genetic 
makeup) of the child's parents could not be measured 
accurately due to the lack of an agreed-upon definition of 
what constitutes such endowments. It is also difficult to 
measure the child's share of the total resources of the 
household. Most studies resort to using an average figure 
obtained by dividing the 'total resources' by the total 
number of the household members. We note here that the 
definitions of 'resources' are arbitrary, and that an 
agreed-upon (or a conventional) yardstick by which household 
resources are measured is unavailable. By excluding the 
child's share of resources, the implied arbitrariness is 
avoided. Furthermore, as a determining factor, the share of 
the child is more appropriate in an analysis of nutrition 
outcomes than one dealing with childhood morbidity. The same 
rule applies to the child's birth order. In this regard, we 
note that it is rare that one sees this variable in studies 
of childhood diarrheal morbidity. The exclusion of the 
mother's reproductive behavior and household formation from 
the reduced model may not be an altogether good strategy. 
However, that is done in order to arrive at an uncluttered
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model design which has the potential of yielding a precise 
portrait of the nature of the effects exerted by the included 
variables (especially the effect of the various levels of the 
mother's education) and which also allows a test of the 
previous assertions on what accounts for variations in the 
likelihood of childhood diarrheal morbidity in Sudan. Models 
like the one defined here are often regarded as instrumental 
for health policy development and improved policy performance 
in poor countries. Thus, in defending the importance of 
similar models, Ware (19 34) argued that
"clearly it would be invaluable for policy 
planners to be able co isolate a few readily 
manipulatabie factors that act as intermediate 
variables between a mother's level of 
education and the mortality of her children"
(Ware, 1934: 199).
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CHAPTER FOUR 
METHOD, DATA AND VARIABLES
Method of Analysis
In the proposed analysis, child health outcomes are 
measured in terms of the occurrence of diarrheal morbidity. 
Specifically, the study will investigate whether a child have 
had diarrhea in the two weeks preceding the survey. The 
answers given to survey questions about diarrheal morbidity 
are either 'Yes' or 'No' and are coded as a dichotomous (1,0) 
variable. Given the problems and difficulties in justifying 
the use of Ordinary Least Square (OLS) regression with 
dichotomous dependent variables (cf Aldrich and Nelson, 1984: 
12), logistic models will be used to estimate the effects of 
the different independent variables on the likelihood cf 
diarrhea. In its primary form, the logit model fitted to the 
data takes the following form:
Ln (P/1-P) = 30 + S.Xj. + 3.X. + e
where P is the probability of a child having had diarrhea in 
the survey reference period, i = l,2,...N, are
explanatory variables, 3C is a constant, 3, and 3, ; 
i=l,2,...N, are coefficients denoting the effect of a unit 
change in the explanatory variables on the log-oads of having
60
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diarrhea, and e is the error term which accounts for the 
amount of variation not explained by the independent 
variables. In qualitative terms, the interpretation of the 
variable coefficient is the same as in linear regression 
models. Yet, the magnitude of the effect varies with the 
value of the explanatory variables (cf Aldrich and Nelson, 
1534: 44-45) . Since the interpretation of the coefficients 
requires the determination of the functional relationship 
between the dependent and explanatory variables and the 
proper definition of the unit of change for the independent 
variable (cf Hosmer and Lemeshow, 1989: 38) , it is not as
straightforward as in linear regression models (cf Aldrich 
and Nelson, 1984: 44-45).
Just as in Ordinary least Square regression, the 
estimates of the logit models are also based on a set cf 
assumptions. According to Aldrich and Nelson (1984),
1. The dependent variable is assumed to be binary; and thus 
takes two values (1 or 0) only. The outcomes on the 
dependent variable are assumed to be mutually exclusive and 
exhaustive.
2 . The explanatory variables are assumed to account for the 
variation in the probability ?= P(Y|X), where the dependent 
variable Y is one of two outcomes.
3 . Contrary to the OLS assumption that the dependent and 
explanatory variables are linearly related, the logit model 
is premised on the assumption that
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P (Y = 1 1 X) = expd:^ Xk) / [1 + exp(ZSk Xk) ] ,
where S*; K=l, K, are the remaining unknown parameters.
4. The data used in the model estimation is obtained from a 
random sample of size N. This assumption requires that 
observations on the dependent variables be independent of 
each other. Accordingly, serial and spatial correlations 
among variables are ruled out.
5. There is no exact linear dependence (or perfect
correlation) among the explanatory variables (Aldrich and 
Nelson, 1984: 48-49) .
Logit parameters are obtained by the method of Maximum 
Likelihood Estimation (MLE). MLE implies the choice of
estimates of the independent variable coefficients which make 
the likelihood of having observed the dependent variable Y as 
large as possible (Aldrich and Nelson, 1984: 50) . 
Interpretation of Logit Coefficients
According to Hosmer and Lemeshow (198 9), the
interpretation of the estimated coefficients of logistic 
regression models
"involves two issues: determining the
functional relationship between the dependent 
variable and the independent variable, and 
appropriately defining the unit of change for 
the independent variable" (Hosmer and
Lemeshow, 198 9: 38).
The first issue is resolved by determining the link function,
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defined as the function of the dependent variable that yields 
a linear function of the analysis independent variables. 
Comparatively, and since the dependent variable is assumed to 
be linear in the parameters, an identity function is what is 
needed for OLS regression. However, in logistic regression 
models, the link function is the logit transformation of the 
conditional mean. The conditional mean is defined as the 
mean value of the dichotomous outcome variable Y given the 
value of the independent variable X and expressed by the 
notation exp(Y|X), from
Sg+S^X S q+S tX
exp (Y | X) = ir( X ) = e  / 1 + e
to
g (X) = Ln[-n-(X)/l-T (X) ] = S0+SiX
According to Hosmer and Lemeshow (1989), the logit g(X) 
has a number of desirable properties. It is "linear in its 
parameters, may be continuous, and may range from -co to +00, 
depending on the range of x" (Hosmer and Lemeshow, 1989: 7) . 
However, the interpretation of the coefficient of each 
independent variable in a logistic regression model depends 
to a large extent on whether the variable is dichotomous, 
polytomous or continuous and on the estimate of the log of 
the odds ratio for an independent variable.
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Analysis Data
This study will use the 198 9-1990 Sudan Demographic and 
Health Survey (SDHS) data set which can be obtained from the 
Institute for Resource Development (IRD) . The IRD is a Macro 
Systems Company based in Columbia, Maryland (USA). Through 
its Demographic and Health Surveys (DHS) program, the IRD 
provided technical assistance to the Department of Statistics 
of the Ministry of Economic and National Planning of the 
Sudanese government which conducted the survey. The SDHS
"was conducted in two phases between November 
15, 198 9 and May 21, 1990 by the Department of 
Statistics of the Ministry of Economic and 
National Planning. The survey collected 
information on fertility levels, marriage 
patterns, reproductive intentions, knowledge 
and use of contraception, maternal and child 
health, maternal mortality, and female 
circumcision" (Department of Statistics,
1991: xvii).
Information was collected from six administrative 
regions (12 provinces) in northern Sudan. The South which 
comprises three regions (6 provinces) was excluded due to an 
ongoing civil war, unrest and security problems. In 
practical terms, this means that about 80% of the country's 
population was covered by the survey. The 1983 census formed 
the sampling frame for the survey. In addition, a particular 
sampling procedure was followed in the major cities to 
ascertain the inclusion of the population in the areas that 
have been settled in and around these cities after 1983.
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Two questionnaires were used to collect information: a 
Household Questionnaire and an Individual Questionnaire. 
Both questionnaires were finalized after pretests in June and 
July 1989. As a result, a total of 5860 ever-married women 
in the age bracket 15-49 years were interviewed, and 6891 
household interviews were completed (cf Department of 
Statistics, 1991: 5, 7 and 135-136).
According to the Department of Statistics (1991),
"The Household Questionnaire was used to list 
information including name, age, sex, and 
residence status for all usual members of the 
household and any visitors. For those ten 
years and older, information on marital status 
and level and grade of education was also 
recorded. The major purpose of the Household 
Questionnaire was to identify those women who 
were eligible for the Individual 
Questionnaire. The Individual Questionnaire 
was used to collect data from ever-married 
women 15-4 9 years who were present in a 
sampled household the night prior to the 
household interview. The questionnaire
collected information on the following topics: 
respondent's background, reproductive history 
and female circumcision, knowledge and use of 
family planning, maternal and child health, 
and breastfeeding, marriage, fertility 
preferences, husband's background, maternal 
mortality" (Department of Statistics, 1991: 
5-6) .
The SDHS data on fertility and mortality is comparable 
to the 1978-79 Sudan Fertility Survey (SFS). The data also 
complement the fertility and mortality information obtained 
in the 1983 census (Department of Statistics, 1991: xvii). 
Thus, it will be invaluable for cross-sectional analysis of 
fertility and mortality in Sudan.
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The analysis which follows will utilize the SDHS data 
only. The uniqueness of the SDHS (as compared to the SFS and 
the 1983 census) stems from the fact that the data set it 
generated contains detailed information on maternal and child 
health and health care use. Such information had seldom been 
collected on a semi-national basis in the history of Sudan 
(both colonial and post-colonial) . Yet, the data set has its 
weaknesses. For instance, no effort was made to collect any 
information on household income or, for that matter, 
expenditure. To provide estimates of the likely effect of 
these variables, one has to rely on constructed proxies. 
Nevertheless, the data set is comparatively adequate for 
analytical purposes and could be considered a benchmark 
amenable to future improvements.
A striking feature of the survey is that the definition 
of what constitutes an episode of diarrhea is left to the 
respondent. Yet, it is known that diarrhea can have 
alternative definitions. It can be defined narrowly by 
limiting the definition to the more serious forms of diarrhea 
or widely by including in the definition mild and less 
serious episodes (WHO, 1989). The fact remains that 
societies (cf Black, 1984) and sometimes groups within a 
society, vary in the extent to which they assign narrow or 
wide definitions to forms of diarrhea. This makes it very 
difficult to generalize across subgroups in a society and 
even more difficult cross-nationally. Another feature of the
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SDHS data is the lack of information on the seasonal
differences of occurrence in diarrhea. This makes it 
impossible to account for the effects of seasonality on the 
probability of diarrhea morbidity. Finally, it should be 
pointed out that the DHS information on childhood diarrhea is 
obtained retrospectively using a recall period of up to two 
weeks. One has to allow, and be contented with, the 
possibility of memory lapses on the part of respondents while 
answering questions about past events.
My concern with the nature of the contribution of 
sociodemographic variables to child health outcomes will be 
satisfied by examining situations where a child has recently 
had diarrhea. Availability of information on child morbidity 
and treatment in the SDHS data set allows such an
examination. The health section of the DHS questionnaire
included questions on the occurrence of diarrhea, cough and 
fever in children under five years of age. It also included 
information on the type of treatment received (if any) .
Mothers or other adult members of the household provided the 
responses to these questions. As for diarrhea, the questions 
asked revolved around whether the child had diarrhea in the 
24 hours or within the two weeks preceding the survey.
The SDHS data set contains information on 1742 children 
aged 6 to 23 months. These are the target children who 
constitute the study sample. It has often been noted that 
diarrhea occurs more frequently among children in this age
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category (cf Gaminiratne, 1991; Department of Statistics, 
1991) . Also, it is this age group that diarrhea impacts most 
severely. Thus, while discussing the incidence of diarrhea, 
Black et al. (1983) stated that
"children under the age of 5 years bear a 
major burden of the morbidity, but it is the 
children under 2 years on whom the impact of 
diarrhea and associated malnutrition is 
greatest" (Black et al. , 1983: 297).
The reasons behind this are various. By the age of 6 months, 
the baby's initial supply of antibodies (obtained mainly from 
the mother through breast milk) which provided protection 
against infections is either depleted or substantially 
weakened. Also, the supplementary food that replaces the 
mother's breast milk may not have been prepared hygienically, 
stored properly or fed to the child in a hygienic manner.1 
As such, these could be considered some of the mechanisms 
that enhance the likelihood of food contamination with 
diarrhea-causing pathogens. Such mechanisms could only be 
overcome if the child's mother has the practical knowledge to 
do so effectively. In addition, weaning occurs within the 6 
to 24 months period, usually after 12 months of age. The 
immunity that the initial supply of maternal antibodies 
provided is now ineffective against infection. This 
situation is complicated by the fact that at the time
:. For instance, by not washing one's hands before feeding 
the child or by using utensils that are not washed properly 
or not washed at all.
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children are weaned, they are still too young to have well- 
developed immunity against infection. Furthermore, between 
the ages of 6 and 24 months, the children's movement is most 
likely to be strictly restricted to the parameters of the 
households where they live. Therefore, the sanitary status 
of the household premises becomes a central issue in the 
determination of the health outcomes of children. Past the 
age of 23 months a child's world expands rapidly due to 
successive increases in environmental contacts. As such, the 
factors that enter into the equation of diarrhea causation 
begin to increase. The choice of 24 months as the upper age 
limit guards against this possibility and, therefore, allows 
for the development of parsimonious analysis models.
Variable Names and Operational Definitions 
The following section outlines the variables which will 
be used in the ensuing analysis.
A. Dependent Variable
Diarrhea. The incidence of diarrhea is chosen as the 
analysis dependent variable. It is recoded 1 if the child 
had an episode of diarrhea in the two weeks preceding the 
interview, 0 otherwise.
B . Independent Variables
Mother's Education. The mother's educational level is 
measured in terms of five categories; No Education, 
Incomplete Primary, Complete Primary, Junior Secondary and 
Senior Secondary+. These five categories are constructed
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from the 'Respondent's Basic Data' section of the data set. 
The section provides information on the educational level of 
the child's mother and the highest grade at that level. The 
mother's lack of education (No Education) is recoded 1 if she 
reported that she did not attend school, 0 otherwise. 
Attainment of less than six years of primary school education 
(Incomplete Primary) is recoded as 1, 0 otherwise.
Completion of six years of primary school education is 
recoded as 1, 0 otherwise. A completed junior secondary
school education (Junior Secondary) is recoded 1, 0
otherwise. A high school or more education (Senior 
Secondary+) is recoded 1, 0 otherwise.
Father's Education. The father's educational level is 
measured in the same manner used to define the mother's 
educational level.
Father's Occupation. The father's occupation is recoded 1 if 
the mother's current husband is engaged in a manual 
occupation. This definition includes the categories of 
unskilled worker, farmer and unemployed. The father's 
occupation is defined as a "professional" occupation and 
recoded 0 if the category in which he is employed is 
professional, clerical, sales or skilled worker. The 
variable is recoded 0 if the mother is not married.
C . Intermediate Variables
Child's Age. A child's age is measured in terms of three age 
groups. The first group includes ages 6 to 11 (6-11) months,
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the second 12 to 17 (12-17) months and the third 18 to 23
(18-23) months, respectively.
Child's Gender. The sex of a child is recoded 1 if the child
is female, 0 if the child is male.
Other Children in Household. A child is recoded 1 if it is 
reported that other children live in the same household where 
the child lives and 0 if it is reported that no other 
children live in the household.
Drinking Water Quality. The quality of drinking water is 
indicated by the source. Quality is recoded 0 if the water 
is piped into the house, 1 otherwise (that is, if water is 
piped but outside the house, from a public well, is 
river/surface water, obtained from a vendor, if it is 
rainwater and all other types of drinking water). 
Sanitation. Sanitation refers to the sanitary disposal of 
human waste, typically in a flush toilet or latrine. The 
physical presence of a proper toilet facility is often used 
as an indicator of sanitation. But, it is often noted that 
just as in the case of media instruments such as radio or
television sets, the presence of the toilet facility may not
correlate well with actual use. In this study, sanitation is 
defined as a categorical variable coded 0 if either a flush 
toilet or latrine was present at the time of the interview, 
1 otherwise.
Health Services Use. Use of public health services and 
health-related information is defined as a constructed
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dichotomous (0,1) variable. The variable construction is 
completed by coding a child as 0 if the child is not reported 
to have had diarrhea or if the child's mother sought help 
from public health services personnel in a clinic or 
dispensary during the most recent period of diarrhea and as 
1 if help is sought from a practitioner of traditional 
medicine, if no treatment is sought or if the child lives in 
a household located in a rural area.
Region. The region of residence is measured in terms of six 
categories representing Khartoum, the Northern, Eastern, 
Central, Kordofan and Darfur regions. Conceptually, a region 
is an embodiment and representative of the type and level of 
economic activity, amenity and infrastructural development. 
Region is measured as a dichotomous (1,0) variable. For 
instance, if the respondent indicated residence in the 
Central region, then the child will be coded as 1, otherwise 
0 .
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CHAPTER FIVE
DISTRIBUTION OF THE ANALYSIS VARIABLES
This chapter consists of two parts. In the first part, 
I present the distribution of the sample children by- 
background characteristics. The percentage distribution of 
the analysis variables for the children who suffered from 
diarrheal morbidity within the two weeks preceding the SDHS 
data collection is also depicted in this part. In the second 
part, I present collinearity diagnostics.
Variable Distributions
Table 5.0 presents the distribution of variables for the 
entire sample of children between ages 6 and 23 months by 
background characteristics. Tables 5.1, 5.2 and 5.3 show the 
distribution of children in the three age categories 6-11, 
12-17 and 18-23 months by background characteristics, 
respectively.
Table 5.0 shows that 34 percent of the children in the 
total sample are aged 6 to 11 months, 37.1 percent are 12 to 
17 months old and 28.9 percent are between 18 and 23 months 
of age. According to the same table, 41.3 percent of all the 
children between the ages of 6 and 23 months have had at 
least one episode of diarrhea within the two weeks 
immediately preceding the SDHS. Table 5.0 also shows that 
4 8.4 percent of the sample children are female and that three
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Table 5.0: Means, Standard Deviations and Percentage
Distribution of Variables for Children 
Aged 6-23 Months, Sudan 1989-1990
Variable Mean Standard N




Age 6-11 months 
Age 12-17 months 
Age 18-23 months 
Gender (Female)

























Drinking Water (Unpiped) 
Toilet Facility (Other)
0 .413 0 .493 1742
0.340 0 .474 1742
0 .371 0 .483 1742
0.289 0 .454 1742
0 .484 0 . 500 1742
0 .755 0 .430 1742
0.565 0 .496 1742
0 .223 0 .416 1742
0.115 0 .319 1742
0.070 0 .254 1742
0 . 028 0 .164 1742
0 .343 0 .475 1742
0 .293 0 .455 1742
0 .208 0 .406 1742
0 .120 0 . 325 1742
0 . 036 0 .187 1742
0 .771 0 . 421 1742
0 .175 0 .380 1742
0.269 0 .444 1742
0 .059 0 .235 1742
0.132 0.338 1742
0.168 0.374 1742
0.203 0 .403 1742
0.677 0 .468 1742
0.480 0 . 500 1742
0.409 0 .492 1742
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quarters of the children aged 6 to 23 months come from 
households where there are other young children.
One of the issues involving morbidity in Sudan that 
interest me is the mother's level of education as it relates 
to the risk of diarrhea among young children (see Chapter One 
of this dissertation). In this regard, the figures contained 
in Table 5.0 clearly show that a considerable number of the 
174 2 children who constitute the study sample are born to 
mothers who have no or very little education.
Table 5.0 shows that more than three fourths of the 
children between the ages of 6 and 23 months are born to 
illiterate mothers or mothers with only an incomplete primary 
school education. The table also shows that about 11 percent 
of the sample children come from households where mothers 
have completed primary school education.
The figures in Table 5.0 indicate that only a few of the 
children come from households where mothers have secondary 
school education. The table shows that children of mothers 
with a junior secondary school education make up 7 percent of 
the total sample. It also reveals that less than 3 percent 
of the sample children are born to mothers with a senior 
secondary or more education.
The information on the educational level of the 
children's fathers (or male heads of households) does not 
reflect high educational achievement either. The figures in 
Table 5.0 indicate that more than 60 percent of the 1742
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children aged 6 to 23 months have fathers who reported having 
no education or only incomplete primary school education. 
About 20 percent of the sample children came from households 
where fathers have completed primary school. Table 5.0 also 
shows that 12.0% of the sample children have fathers with a 
junior secondary school education. The figures in the table 
reveal that only 3.6% of the sample children have fathers 
with a senior secondary school or higher education.
A further look at Table 5.0 shows that there are about 
15 percent fewer children to fathers in the 'No Education' 
and 'Incomplete Primary' educational categories combined than 
to mothers in the two same categories combined. The 
remaining information on the fathers' educational achievement 
presented in Table 5.0 indicates that, on average, there are 
more children to fathers than to mothers in each of the 
educational categories higher than 'Incomplete Primary'. 
Although the differences are not dramatic, this information 
translates into the fact that, among families in Sudan, adult 
married males tend to enjoy more education than their wives.
As far as child health outcomes are in question, this
finding has serious implications. In Sudan, young children
between the ages of 6 and 23 months are cared for almost
exclusively by their mothers with little or no input from
their fathers. The reported large numbers showing that the 
children's mothers are more likely to have no or just an 
incomplete primary school education imply that health
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information on disease prevention and treatment may neither 
be understood properly nor appropriately applied.
The information in Table 5.0 indicates that about three 
fourths of the sample children come from households where 
fathers are engaged in manual occupations. The remainder 
have fathers who hold professional occupations. Table 5.0 
also shows that 67.7% of the children come from households 
with a low level of access to health services and 
information. Also, the table indicates that 48.0% of the 
sample children come from households where the water used for 
drinking is not piped directly into the household premises. 
This means that the water these children drink originates in 
sources most likely to be exposed to pathogens. These 
sources include public wells, rivers, water vendors and pipes 
outside the household premises. Table 5.0 also shows that 
40.9% of the children live in households which have 
unsanitary toilet facilities. As defined in the previous 
chapter of this dissertation, the unsanitary toilet category 
includes all types of toilets other than flush toilets or pit 
latrines.
Finally, the information in Table 5.0 gives the 
distribution of the children in terms of the regions in which 
they live. The table shows that 17.5% of the children live 
in households located in the Khartoum region. Compared to 
other regions, this is a smaller region in terms of the total 
land area. Nevertheless, and judging by administrative
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criteria, it is the most important region in the country. 
The nation's capital city, Khartoum, is located here. The 
region enjoys a disproportionately larger share of the 
government expenditure on infrastructure and public 
facilities, including health care and educational facilities, 
and a larger urban population.
About one fourth of the children come from households 
located in the Central region. This is the second most 
important region of the country, and it enjoys a comparable 
level of public investment in infrastructural and educational 
facility development. The remainder of the regions of Sudan 
are not as financially endowed and developed as the Khartoum 
and Central regions. Information in Table 5.0 indicates that 
about 5 percent of the sample children live in the Northern 
region. This is a desert-bound region that lies well within 
the Sahara desert of Africa. Accordingly, all the region's 
population resides in a slim strip of land along the banks of 
the River Nile. The table also shows that about 13 percent 
of the children come from households that are located in the 
Eastern region. Furthermore, 16.8% and 2 0.3% of the sample 
children live in the Kordofan and Darfur regions, 
respectively. Both regions lie in the western part of Sudan. 
Most of their populations (more than 80.0%) live in rural 
areas and engage in agricultural activities.
As a final note, I draw the reader's attention to the 
fact that, apart from the Khartoum and Central regions, the
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rest of Sudan's administrative regions are very poor in 
infrastructure as well as all other amenities. This is more 
so in the case of health and educational infrastructure. 
This concludes the presentation of the figures in Table 5.0. 
In the following pages, I present the distribution of 
variables by child age.
Most of the previous studies of childhood diarrheal 
morbidity indicate that the incidence of diarrhea among 
children varies considerably by age. A tradition observed in 
these studies is to examine the distribution of the analysis 
variables by the age of the sample children (cf Gaminiratne, 
19 91; Mburu and Boerma, 1991; van Ginneken, 19 91). Following 
this tradition, I have chosen to present the distribution of 
the data by age. This is shown in Tables 5.1 through 5.3.
Table 5.1 shows that more than 44 percent of the 
children aged 6 to 11 months were reported to have had 
diarrhea in the two-weeks reference period of the SDHS. The 
table also shows that about half the children aged 6 to 11 
months are female and that 70.3% of the children in this age 
group live in households where there are other young 
children. Furthermore, Table 5.1 shows that the majority of 
the children aged 6 to 11 months have mothers with little 
education. The figures in the table indicate that 79.9% of 
the children aged 6 to 11 months have mothers who have had no 
education or have incomplete primary school education only. 
The table also reveals that about 11 percent of the children
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Table 5.1: Means, Standard Deviations and Percentage
Distribution of Variables for Children









Diarrhea 0 .444 0.497 592
Child Characteristics
Gender (Female) 0.485 0.500 592
Other Children in Household 0.703 0.457 592
Mother's Education
No Education 0.581 0 .494 592
Incomplete Primary- 0.218 0 .413 592
Complete Primary 0.112 0.315 592
Junior Secondary 0 . 061 0 . 239 592
Senior Secondary 0.029 0 .167 592
Father's Education
No Education 0.463 0 .499 592
Incomplete Primary 0 .257 0.437 592
Complete Primary 0 .155 0 .363 592
Junior Secondary 0.081 0 .273 592
Senior Secondary 0 . 044 0 .205 592
Father's Occupation
Manual 0.725 0 .447 592
Recrion of Residence
Khartoum 0 .176 0 .381 592
Central 0.272 0 .445 592
Northern 0 . 056 0.230 592
Eastern 0 .132 0.339 592
Kordofan 0 .166 0 .372 592
Darfur 0 .199 0.400 592
Health Services
Low Use 0.671 0 .470 592
Water and Sanitation
Drinking Water (Unpiped) 0 . 502 0 . 500 592
Toilet Facility (Other) 0.421 0 .494 592
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in this age category have mothers who have completed primary 
school.
Table 5.1 indicates that not more than 9.0% of the 
children aged 6 to 11 months belong to households where 
mothers have secondary school education. Figures in the 
table show that only about 6 percent of the children between 
the ages of 6 and 11 months have mothers with a junior 
secondary school education. The figures also reveal that 
less than 3 percent of the children in the same age category 
are born to mothers with a senior secondary or more 
education.
The figures in Table 5.1 show that the majority of the 
children aged 6 to 11 months live in households where fathers 
have very little education. The table indicates that more 
than 70 percent of the children in this age category have 
fathers who reported having no education or only an 
incomplete primary school education.
About 15 percent of the children in the 6 to 11 months 
age group come from households where fathers have completed 
primary school. Table 5.1 also shows that about 8 percent of 
the children aged 6 to 11 months have fathers with a junior 
secondary school education. The figures in the table reveal 
that only 4.4% of the children at this age have fathers with 
a senior secondary school or more education.
Table 5.1 indicates that 72.5% of the children aged 6 to 
11 months come from households headed by males in manual
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occupations. The table also shows 67.1% of the children in 
this age category come from households with a low level of 
access to health services. Also, the table reveals that 
about half of these children belong to households where 
drinking water is not piped directly into the household 
premises. Furthermore, Table 5.1 shows that 42.1% of the 
children aged 6 to 11 months live in households which have 
unsanitary toilet facilities.
Finally, Table 5.1 shows that 17.5% of the children aged 
6 to 11 months live in households located in the Khartoum 
region. The table also shows that about one fourth of the 
children in this age bracket come from households located in 
the Central region. Table 5.1 indicates that about 5 percent 
of the children at the same age live in the Northern region. 
In addition, the table shows that about 13 percent of the 
children come from households that are located in the Eastern 
region. Furthermore, 16.6% and 19.9% of the children aged 6 
to 11 months live in the Kordofan and Darfur regions, 
respectively.
Table 5.2 presents the distribution of variables for the 
children aged 12 to 17 months. The table shows that 40.9% of 
the children at this age have had diarrhea in the two-weeks 
reference period of the SDHS. It also shows that 48.5% of 
the children aged 12 to 17 months are female and that more 
than three fourths of the children in this age group live in 
households where there are other young children.
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Table 5.2 shows that the majority of the children aged 
12 to 17 months have mothers who are either uneducated or 
have very little education. The figures in the table reveal 
that 79.6% of the children aged 12 to 17 months have mothers 
who have had no education or have incomplete primary school 
education only. About 10 percent of the 646 children in this 
age category have mothers who completed primary school.
As seen in Table 5.1, Table 5.2 also shows that only a 
few of the children aged 12 to 17 months belong to households 
where mothers have secondary school education. Figures in 
Table 5.2 show that only 7.6% of the children between ages 12 
and 17 months have mothers with a junior secondary school 
education. The table reveals that only 2.2% of the children 
in the same age category are born to mothers with a senior 
secondary or higher education.
About half of the children aged 12 to 17 months live in 
households where fathers have no or very little education. 
According to the figures in Table 5.2, 52.8% of the children 
in this age category have fathers who reported having no 
education or only an incomplete primary school education.
Twenty-eight percent of the children aged 12 to 17 
months come from households where fathers have completed 
primary school. Table 5.2 also shows that 17.5% of the 
children aged 12 to 17 months have fathers with a junior 
secondary school education. In addition, the figures in the 
table reveal that only about two percent of the children at
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Table 5.2: Means, Standard Deviations and Percentage
Distribution of Variables for Children Aged
12-17 Months, Sudan 1989-1990
Variable Mean Standard N






























Drinking Water (Unpiped) 
Toilet Facility (Other)
0.409 0 .492 646
0.485 0.500 646
0 . 772 0 .420 646
0 .590 0 .492 646
0 .206 0.405 646
0 .105 0 .307 646
0 . 076 0 .265 646
0 . 022 0 .146 646
0 .186 0 .389 646
0 .342 0 .475 646
0 .280 0 .449 646
0 .175 0 .380 646
0 .017 0 . 130 646
0 .712 0 .453 646
0 .184 0 .388 646
0 .274 0 .446 646
0 . 062 0 .241 646
0 .130 0 .337 646
0 .166 0 .372 646
0 .198 0 .399 646
0 . 670 0 .471 646
0 .471 0 . 500 646
0 .429 0 .495 646
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this age have fathers with a senior secondary school or more 
education.
Table 5.2 indicates that 71.2% of the children aged 12 
to 17 months come from households headed by males in manual 
occupations. The table also shows 67.0% of the children in 
this age category come from households with a low level of 
access to health services. Also, the table reveals that 
47.1% of these children belong to households where drinking 
water is not piped directly into household premises. 
Furthermore, Table 5.2 shows that 42.9% of the children aged 
12 to 17 months live in households which have unsanitary 
toilet facilities.
Finally, Table 5.2 shows that 18.4% of the children aged 
12 to 17 months live in households located in the Khartoum 
region. The table also shows that about one fourth of the 
children in this age group come from households in the 
Central region. Table 5.2 indicates that about 6 percent of 
the children at the same age live in the Northern region. In 
addition, the table shows that 13.0% of the children come 
from households that are located in the Eastern region. 
Furthermore, 16.6% and 19.8% of the children aged 12 to 17 
months live in the Kordofan and Darfur regions, respectively.
Table 5.3 presents the distribution of variables for 
children aged 18 to 23 months. It shows that 38.3% of the 
children at this age have had diarrhea in the two-weeks 
reference period of the SDHS. The table also shows that
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about half of the children in this age group are female and 
that the overwhelming majority of these children share 
households with other siblings.
As seen in the preceding tables, Table 5.3 reveals a 
concentration of children at the lower levels of mother's 
educational achievement. Approximately 76 percent of the 
children aged 18 to 23 months are born to mothers who are 
illiterate or who have not completed primary school. 
Children to mothers who completed primary school education 
make up 13.1% of the children in Table 5.3. About 7 percent 
of the children come from homes where mothers have a junior 
secondary school education. Less than 4 percent of the 
children's mothers have a senior secondary or higher 
education.
According to the figures in Table 5.3, about two-thirds 
of the children's fathers are either illiterate or have very 
little education. The table also shows that less than 18 
percent have completed primary school and only 9.5% and 5.2% 
have junior secondary and senior secondary school or higher 
education, respectively.
The figures in Table 5.3 reveal that 69.6% of the 
children aged 18 to 23 months live in households where the 
head is employed in a manual job. The table also shows that 
69.3% of these children live in households with limited 
access to health services. Furthermore, the figures in the 
table indicate that 46.6% of the children in this age bracket
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Table 5.3: Means, Standard Deviations and Percentage
Distribution of Variables for Children Aged
18-23 Months, Sudan 1989-1990
Variable Mean Standard N






























Drinking Water (Unpiped) 
Toilet Facility (Other)
0 .383 0 .487 504
0 .482 0 .500 504
0 .792 0.406 504
0 .514 0 . 500 504
0 .250 0 .433 504
0 .131 0 .338 504
0 .071 0 .258 504
0 .034 0 .181 504
0 .403 0 .491 504
0 .274 0 .446 504
0 .177 0 .382 504
0 .095 0 .294 504
0 .052 0 .221 504
0 .696 0 .460 594
0 .161 0 .368 504
0 .260 0 .439 504
0 .058 0 .233 504
0.133 0 .340 504
0 .175 0.380 504
0 .214 0 .411 504
0 .693 0 .462 504
0 .466 0.499 504
0 .371 0 .484 504
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come from homes with unpiped drinking water and 37.1% live in 
households with unsanitary toilets.
In terms of the regional location of the households 
where children aged 18 to 23 months live, the figures in 
Table 5.3 indicate that 16.1% come from the more developed 
Khartoum region. The table also shows that 26.0% of these 
children live in households located in the Central region. 
Children from the Northern region make up 5.8% of all the 
children aged 18 to 23 months. Finally, Table 5.3 shows that 
17.5% and 21.4% of the children in this age bracket belong to 
households located in the Kordofan and Darfur regions, 
respectively.
Table 5.4 illustrates the distribution of the children 
who have had diarrhea in the two-weeks reference period of 
the SDHS by background characteristics. The information in 
this table can be interpreted in the same manner as that of 
Tables 5.0 through 5.3.
To begin, Table 5.4 shows that about 36 percent of the 
children who have had diarrhea are aged 6 to 17 months. Only 
about 26 percent of those children fall in the 18 to 23 age 
category. The table also shows that about half of the 
children who contracted diarrhea are female and that 80.1% of 
these children share households with other children.
Table 5.4 reveals the concentration of children with 
diarrhea in the lower achievement categories of parental 
education. The vast majority of the children who contracted
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Table 5.4: Percentage Distribution of Analysis Variables
for Children Who Have Had Diarrhea,
Sudan 1989-1990
Variable Mean Standard N
(% of Total) Deviation
Child Characteristics
Age 6-11 months 
Age 12-17 months 
Age 18-23 months 
Gender (Female)

























Drinking Water (Unpiped) 
Toilet Facility (Other)
0.365 0 .482 720
0 .367 0 .482 720
0 .268 0 .443 720
0.488 0 . 500 720
0 . 801 0.400 720
0.585 0 .493 720
0 .240 0 .428 720
0 .096 0 .295 720
0 . 060 0 . 237 720
0 . 019 0 . 138 720
0.381 0.486 720
0 . 346 0 .476 720
0 .194 0 .396 720
0 . 065 0 . 247 720
0 . 014 0 .117 720
0 .799 0 .401 720
0 .165 0 .372 720
0 .256 0.437 720
0 . 050 0 . 218 720
0 .149 0 .356 720
0 .163 0 .369 720
0.218 0 .413 720
0 .704 0 .457 720
0 .561 0.497 720
0.482 0 . 500 720
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diarrhea were born to mothers who had no or very little 
education. The table shows that about 9 percent of the 
children with diarrhea have mothers who completed primary 
school. Six percent of these children have mothers with a 
junior secondary school education. Furthermore, Table 5.4 
reveals that less than 2 percent of the children aged 6 to 23 
months who have had diarrhea in the SDHS reference period 
have mothers with a senior secondary school or higher 
education.
The children's fathers did not fare well either. Table 
5.4 shows that more than 70 percent of the children with 
diarrhea have fathers who fell into the 'No Education' and 
'Incomplete Primary' educational categories. About one fifth 
of these children have fathers who completed primary school. 
Six percent of the children with diarrhea have fathers with 
a junior secondary school education. Furthermore, Table 5.4 
shows that only about 1 percent of the children who 
contracted diarrhea come from households where the head has 
a senior secondary or higher education.
As is expected in the literature on child health 
outcomes and in a preceding part of this dissertation, 
childhood diarrhea in Sudan is concentrated among children 
whose fathers are employed in manual occupations. Table 5.4 
shows that about 80 percent of the children who suffered from 
diarrhea in the SDHS reference period have fathers working in 
manual occupations.
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The distribution in terms of the region where the 
children live indicates that less than one percent of the 
children who suffered from diarrhea live in the Northern 
region. Between 20 to 25 percent of the children with 
diarrhea come from the Darfur and Central regions, 
respectively. Children from each of the remaining three 
regions average about 15 percent of the total number that 
contracted diarrhea in the reference period.
Furthermore, Table 5.4 shows that about 70 percent of 
the children come from households with a low level of access 
to health services and information. It also shows that about 
half of the children who contracted diarrhea live in 
households where the water used for drinking is not piped 
directly into the premises. Table 5.4 also reveals that 
48.19% of the children who suffered from diarrhea live in 
households which did not have a flush toilet or pit latrine. 
This concludes the first part of this chapter. The 
succeeding part includes a presentation of collinearity 
diagnostics.
Collinearity and Influence Diagnostics
Before embarking on the maximum likelihood estimation of 
the effects of the explanatory variables on the probability 
of the incidence of childhood diarrhea in Sudan, it is 
necessary to examine the nature of the covariation among 
these variables. It is possible that all or some of the 
variables are perfectly correlated with one another, or that
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some are linear combinations of other variables. The 
presence of either condition signals the existence of 
multicollinearity, a condition that deserves special 
attention when estimating multivariate regression models (cf 
Lewis-Beck, 1990: 58-63).
For diagnosis, I started by examining the matrix of 
bivariate correlations (depicted in the appendix) for large 
coefficients. The coefficient estimates in the correlation 
matrix are small and, hence, suggested the absence of 
multicollinearity. However, this finding is not conclusive. 
In this regard, Lewis-Beck (1990) noted that
"a frequent practice is to examine the 
bivariate correlations among the independent 
variables, looking for coefficients of about 
.8, or larger. Then, if none is found, one 
goes on to conclude that multicollinearity is 
not a problem. While suggestive, this 
approach is unsatisfactory, for it fails to 
take into account the relationship of an 
independent variable with all the other 
independent variables. It is possible, for 
instance, to find no large bivariate 
correlations, although one of the independent 
variables is a nearly perfect linear 
combination of the remaining independent 
variables" (Lewis-Beck, 1990: 60).
More diagnosis can be made by examining the estimates of 
the eigenvalues of the correlation matrix of the independent 
variables and the associated condition indices. Condition 
indices are defined as the square roots of the ratios of the 
largest eigenvalue to each individual eigenvalue. Therefore, 
the smallest condition index equals 1.000. Theoretically,
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condition indices could be as large as infinity (cf SAS 
Institute Inc., 1988: 836). A collinearity problem is
thought to be present when the size of one or more of the 
estimated eigenvalues equals or exceeds 10, or when estimates 
of the condition indices appear unreasonably high.
It should also be noted that estimates of the 
studentized residuals could be useful in diagnosing data 
problems. However, the residuals are not proper collinearity 
diagnostics. Nevertheless, they provide accurate measures of 
the influences exerted by observations on the model 
estimates. According to various statistical criteria, 
influential observations (also known as outliers) tend to 
have disproportionately strong influences on the model 
parameter estimates. Strong influence could cause the 
estimated parameters to be biased.
In an article on logistic regression diagnostics, 
Pregibon (1981) indicated that in comparison to linear 
regression models, "the effects of outliers and leverage 
points could be worse" in the case of nonlinear regression 
models (Pregibon, 1981: 705) . This is more so in the case of 
logistic regression models (cf Copas, 1988; Pregibon, 1981). 
Hence, as in the case of multicollinearity, it is also 
necessary to rule out the presence of influential 
observations before proceeding with the estimation of 
multivariate maximum likelihood models. Only then can model 
estimates be fully accepted.
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To obtain the estimates in question, I started by- 
running an OLS model in which the measure of the incidence of 
childhood diarrhea is used as the dependent variable. I 
specified the COLLIN and INFLUENCE options in the regression 
model statement submitted to SAS (cf SAS Institute Inc., 
1988: 836-839). Before proceeding further, I should point 
out that although the OLS assumptions about the error term 
are violated by estimating a model in which the dependent 
variable is dichotomous, there may be reason to justify the 
choice of an OLS model specification to obtain the diagnostic 
estimates. Generally, an OLS model specification is 
acceptable if the distribution of the outcome variable is 
within acceptable limits. However, I should also point out 
that a degree of doubt about the accuracy of diagnostic 
estimates obtained through OLS estimation remains, regardless 
of all assurances, when the outcome variable is dichotomous 
(cf Pregibon, 1981).
The influence diagnostics did not reveal the presence of 
outliers. Furthermore, the eigenvalue and condition index 
figures depicted in Table 5.5 do not show a serious 
collinearity problem. The eigenvalues ranged from about 4.5 
to 0.009. The corresponding condition indices ranged from 
1.00 to about 23. It should be noted that eigenvalues that 
fall between 0 to 10, 10 to 30, or are more than 3 0 are
indicative of week, moderate and severe collinearity, 
respectively. The figures in Table 5.5 do not indicate the
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Table 5.5: Eigenvalues and Condition Indices of the




1 4 .4902 1.0000







9 1.2076 1. 9283
10 1.1483 1.9774
11 1.0798 2 .0392
12 1.0749 2.0438
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presence of severe collinearity. Nevertheless, as a 
precaution, the regression models to be used in the 
succeeding chapter will be closely monitored for large 
coefficient estimates and standard errors.
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RESULTS OF LOGISTIC REGRESSION ANALYSIS
In this chapter, I present maximum likelihood estimates 
from multivariate logistic regression models predicting the 
incidence of childhood diarrheal morbidity in Sudan. A 
baseline model and models predicting the likelihood of 
diarrhea among children by the fathers' occupational category 
and region of residence will constitute the presentation.
Specification of the baseline model is guided by the 
relationships depicted in Figure 2 shown above. The primary 
objective of the analysis carried out in the course of this 
chapter is to examine how the mother's education affects the 
likelihood of diarrhea among children net of the sanitation 
level and quality of drinking water in the household as well 
as other relevant controls.
Before the presentation of the maximum likelihood 
estimates, I note two technical issues. The first involves 
the father's level of education while the second concerns 
health services use. Although theory suggests that the 
father's education should affect childhood diarrhea 
morbidity, its inclusion of in models containing the mother's 
level of education may be problematic. Initial model 
estimation trials produced considerably large coefficient 
estimates of the effects of the levels of parental education
97
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on the likelihood of the outcome variable when measures of 
the father's education are retained in the analysis models. 
Exclusion of the measures of father's education from the 
models resulted in conservative estimates of the effects of 
the mother's level of education. As such, these trials 
suggest that the father's level of education is collinear 
with the mother's level of education and possibly with some 
of the other explanatory variables that are used in this 
study. Given my emphasis on the importance of maternal 
education as a determinant of the likelihood of childhood 
diarrheal morbidity, I find it necessary to exclude the 
father's level of education from the analysis models.
Secondly, there is reason to believe that health 
services use patterns are determined by the same factors that 
affect the likelihood of diarrheal morbidity among children. 
A possible candidate of the underlying factors that influence 
both variables is the mother's level of education. 
Technically, the measure of health services use is 
endogenous. Estimates of its effect on the outcome variable 
are, therefore, expected to be biased and inconsistent (cf 
Bound, et al., 1995).
One way to resolve this problem is to instrument the 
health services use measure. Variable instrumentation 
primarily means the estimation and employment of the 
predicted values of the variable rather than the observed 
values. The process amounts to a purging of the variable.
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In theory, the estimated coefficient of the variable is 
expected to be bias-free and consistent. Nonetheless, even 
if the instrument seemed exogenous with respect to the 
outcome variable, the use of instrumental variables can 
create more problems than it is supposed to resolve (cf 
Bound, et al. , 1995: 449) . Therefore, it is better not to
use instrumented variables which are affected by some of the 
variables which cause variation in the analysis outcome 
variable.
Initial model estimation trials revealed that adding 
health services use to the models predicting the outcome 
variable does not result in significant improvements in model 
performance. Also, models that include measures of health 
services use produced large estimates of the effects of the 
mother's level of education. The same is observed when I 
estimated models with instrumented health services use 
measures.
Exclusion of health services use from the analysis 
models resulted in more conservative estimates of the effect 
of the mother's level of education. Still, these estimates 
indicated the important role of increases in maternal 
education in the reduction of the likelihood of diarrhea 
among children in Sudan. Therefore, my decision is to 
present these instead of the larger estimates that are 
obtained when health services use is retained in the analysis
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models. Having clarified these points, I will now present 
the models which constitute this chapter.
Presentation of the Logistic Regression Estimates
Table 6.0 shows that children aged 18 to 23 months are 
more likely to contract diarrhea than children aged 6 to 11 
months. A possible explanation of the significant age effect 
is that in Sudan, children are usually weaned at this age. 
If unhygienically prepared, weaning foods could cause 
diarrhea (cf Gaminiratne, 1991: 768-769; Martorell, 1980). 
Also, by age 18 to 23 months, the antibodies children get 
from their mothers via breast milk no longer provide adequate 
protection against infectious diseases such as diarrhea. 
Furthermore, children aged between 18 and 23 months usually 
have a higher degree of interaction with their surrounding 
physical environment than babies. In countries like the 
Sudan, the latter may contain pathogenic agents that could 
cause diarrhea.
A notable finding in Table 6.0 involves the 
nonsignificant effect of the child's gender on the likelihood 
of diarrhea. It indicates that female children run the same 
risk of diarrhea as male children. It should be noted that 
this finding counters others in previous studies of child 
health which suggest that in Third World societies, male 
children are more advantaged than female children across all 
nutrition and health outcomes.
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Intercept 0 . 656 .357
Child's Characteristics
Age 12-17 months -0.120 .119
Age 18-23 months 0.253* .127
Gender (Female) -0 . 044 . 100
Other Children in Household 0 .481** . Ill
Mother's Education
No Education 2 . 948*** .386
Incomplete Primary 1. 752*** .379
Complete Primary 1. 110** .365
Junior Secondary 0 .095 .360
Father's Occupation
Manual 1. 125*** . 186
Recrion of Residence
Northern 0 . 564* .250
Eastern 0 .107 . 190
Central 0 . 151 .160
Kordofan 0 .457* . 186
Darfur 0.338* . 170
Water and Sanitation
Drinking Water (Unpiped) 0.400* . 185




-2 Log L 2272.629
Notes
1. *** P < 0.001; ** P < 0.01; * P < 0.05
2. S.E is an abbreviation of Standard Error.
3. The reference categories are: Age 6-11 months; 
Gender (Male); No Other Children in Household; 
Senior Secondary^ education for Mother's 
Education; Father's Occupation (Professional); 
Khartoum Region; Drinking Water (Piped into 
Household); and Flush Toilet Facility.
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The presence of other children in the household raises 
the chances that a child contracts diarrhea. The coefficient 
estimate in Table 6.0 indicates that a child who lives in a 
household shared by other children is about 1.6 times more 
likely to contract diarrhea than a child living in a 
household where there are no other children.
Table 6.0 also indicates that children to fathers who 
hold manual occupations run significantly higher risks of 
diarrhea than children to fathers holding professional 
occupations. In fact, children living in household headed by 
occupants of manual jobs are about 3 times more likely to 
contract diarrhea than children living in households where 
the head holds a professional occupation. This is an 
expected finding. Previous studies of Third World child 
health outcomes indicated increased likelihood of disease 
when the father is in a manual occupation. In the case of 
Sudan, the increases in the risks of diarrhea that are 
associated with the parents' manual occupations are likely a 
result of the little financial returns that manual jobs 
yield. Indeed, available data indicates that in Sudan, 
households headed by occupants of manual jobs are poorer than 
households headed by men in professional occupations.
Living in either the Northern, Kordofan or Darfur 
regions significantly increases the chances of diarrheal 
morbidity among children. The coefficient estimates cf the 
effects of these regions suggest that children living in any
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of the three regions are about 1.5 times more likely to 
suffer from diarrhea than children living in the Khartoum 
region. As indicated previously, these regions represent 
vast rural areas with little public investment in public 
health service facilities and infrastructure.
The reader of this chapter should note that conceptually 
there are various pathways via which the regional effects on 
the likelihood of disease are carried. However, most do not 
yield readily to measurement and even if that occurred, the 
data are usually hard to obtain. This is the case for the 
SDHS data used in this analysis. Therefore, in interpreting 
the impact of region on the likelihood of diarrheal 
morbidity, I opted to circumvent the usage of climatic, 
environmental or geographic variations as the premise for 
variations in the likelihood of diarrhea among children. In 
contrast, I have so far concentrated only on the degree of 
the rurality of the region, its relative poverty, and the 
implied lack of appropriate health care amenities and 
information as grounds for the few inferences offered.
Unsanitary conditions in households raise a child's 
chances of contracting diarrhea. Table 6.0 shows significant 
effects of drinking water and toilet facility. Children who 
live in households where the drinking water is not piped 
directly into the premises and where formal toilets are not 
used are approximately 1.4 times more likely to contract 
diarrhea than children who live in households where drinking
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water is piped directly into the premises or where formal 
toilets are used.
As widely expected, relative to children to mothers with 
a senior secondary or higher education, children to mothers 
with no education run higher risks of diarrhea. The logit 
estimates in Table 6.0 show that children to mothers with no 
education are more than 19 times more likely to suffer from 
diarrhea than children to highly educated mothers. These 
estimates also indicate that educational achievements greater 
than illiteracy exert strong downward effects on the chances 
of a child contracting diarrhea. In fact, children to 
mothers having an incomplete primary school education are 
about 5.8 times more likely to contract diarrhea than 
children to mothers in senior secondary or higher educational 
category. Furthermore, children to mothers who have 
completed primary school are only about 3 times more likely 
to contract diarrhea than those of mothers in the reference 
category.
Interestingly, however, the logit estimates in Table 6.0 
show that increases in maternal education past the primary 
school level produce nonsignificant effects on the likelihood 
of diarrheal morbidity among children. That is, children to 
mothers with a junior secondary school education run no 
greater risks of contracting diarrhea than children to 
mothers with a senior secondary or higher education. Yet, 
this is not a surprising finding. In fact, it is consistent
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with the findings of previous studies which argue that the 
effects of maternal educational achievement are most dramatic 
at lower than higher levels of education. It is suggested 
that the information necessary to combat the onset of 
childhood diarrhea could be appropriately understood by 
mothers with moderate education. Hence, differences cease to 
exist among mothers past a moderate level of education. In 
other words, the incremental effects of higher education are 
too small to significantly differentiate the probability of 
an episode of diarrhea among children to mothers with junior 
secondary school education from that among children to 
mothers in the reference educational category.
After having completed the presentation of the baseline 
model, I now present the rest of the analysis models. The 
objective underlying the estimation of the following models 
is to determine how the mother's level of education affects 
the likelihood of diarrhea among children in Sudan given the 
type of the occupation of the head of the household where a 
child lives and the regional location of the household in 
which the child's family lives.
The Case of Professional Occupations
Table 6.1 shows two models predicting the likelihood of 
diarrhea by the occupational category of the head of the 
household. The first model predicts the likelihood of 
diarrhea when the heads of households are in professional 
occupations while the second predicts the likelihood of
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Table 6.1: Maximum Likelihood Estimates from Regression
Models Predicting Diarrhea Among Children by 





Logit S.E Logit S.E
Intercept 0 .561 .293 1.363 .223
Child's Characteristics
Age 12-17 months -0.422 .249 -0.092 .153
Age 18-23 months 0 .335 .252 0.228 . 148
Gender (Female) -0 . 021 .206 -0.065 . 117
Other Children in
Household 0 .307 .209 0.535** .202
Mother's Education
No Education 2 . 674*** .367 2.973*** .276
Incomplete Primary 1.625*** .329 1.852*** .245
Complete Primary 0 .424 .375 1.169** .215
Junior secondary 0 .101 .309 0 .110 .370
Recrion of Residence
Northern 0 .554 .287 1.127* .584
Eastern 0 . 142 .227 0 .142 .227
Central 0 .098 .202 0 .097 .202
Kordofan 0 .444* .222 1.146** .402
Darfur 0 .355 .215 0 . 842** .356
Water and Sanitation
Drinking Water (Unpiped) 0 .596 . 721 0 .422* . 190
Toilet Facility (Other) 0 . 509 . 848 0 .410* . 191
N 502 1240
Model Chi-Sq 76 .218 80 .28
D.F 15 15
-2 Log L 1661.041 1665.19
Notes
1. *** P < 0 . 001; ** P < 0.01; * P < 0.05
2. S.E is an abbreviation of Standard Error.
3. The reference categories are: Age 6-11 months; Gender 
(Male); No Other Children in Household; Senior Secondary+ 
education for Mother's Education; Khartoum Region; 
Drinking Water (Piped into Household); and Flush Toilet 
Facility.
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diarrhea among children when the heads of households are in 
manual occupations. I will start by presenting the estimates 
of the model predicting the likelihood of diarrhea when the 
head of the household holds a 'professional occupation.
According to the estimates in Table 6.1, even when the 
child's father holds a professional occupation, living in the 
Kordofan region is still disadvantageous as far as childhood 
diarrheal morbidity is concerned. The logit estimates 
indicate that children to fathers with professional 
occupations who live in households located in Kordofan run 
significantly higher risks of contracting diarrhea than 
similar children living in the Khartoum region. In fact, 
children to fathers with professional occupations and who 
live in Kordofan are about 1.6 time more likely to contract 
diarrhea than children to similar fathers but live in the 
Khartoum region. This is an important finding. It confirms 
the initial finding, from the baseline model, about the 
effect of the Kordofan region. The reader is reminded that 
the Kordofan region is a poor region. What the research data 
are implying thus far is that unless living conditions 
significantly improve in this region, preventable diseases 
like diarrhea will continue to afflict young children.
The estimates in Table 6.1 indicate that even when the 
head of the household is in a professional occupation, lack 
of education on the part of the child's mother still 
increases the risks of diarrhea. Children to mothers with no
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education and who live in households headed by fathers with 
professional occupations run risks of diarrhea that are 14 
times greater than the risks of diarrheal disease experienced 
by similar children to mothers in the senior secondary or 
higher (reference) educational category.
The effect of maternal illiteracy when the head of the 
household is in a professional occupation is unexpectedly 
pronounced. A head of a household who is employed in a 
professional occupation is de facto more educated than the 
average male in Sudan. Even if his wife happens to be 
illiterate, one should still expect spillover effects of his 
education that ultimately enhance his wife's capabilities in 
such away that compensates for her lack of education. Thus, 
controlling for professional occupations should produce a 
very conservative estimate of the effect of no education. 
What the data suggests, however, is that regardless of the 
possibility of positive spillovers from the professional 
occupation of the head of the household, the adverse effects 
of illiteracy on the health outcomes of children persist and 
that the magnitude of such effects is not subject to 
considerable attenuation.
The remaining estimates of the effects of the mother's 
level of education point to a substantial reduction in the 
likelihood of morbidity following increases in the level of 
the mother's education. Children who live in households 
headed by an occupant of a professional job and whose mothers
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have incomplete primary school education are about 5 times 
more likely to contract diarrhea than similar children to 
mothers in the reference category. However, the figures in 
Table 6.1 show that the effects of a complete primary and 
junior secondary school education on the likelihood of the 
outcome variable are statistically nonsignificant. This 
means that children to mothers who have completed primary 
school education or who have a junior secondary school 
education run no greater risks of diarrheal disease than the 
risks run by children to mothers in the educational reference 
category. This finding is consistent with what is suggested 
in parts of the literature on child health outcomes in 
developing countries. That is, the downward pushing effects 
exerted by improvements in the educational level of the 
children's mothers are strong enough to equate the risks of 
diarrhea to that of children to mothers in the reference 
category at an earlier stage of maternal educational 
achievement when the head of the household holds a 
professional rather than a manual occupation.
The Case of Manual Occupations 
In contrast to the case of professional occupations, 
manual occupations indicate lower economic status of the 
household. Studies of child nutrition and health outcomes in 
the Third World often conclude that children living in 
households that are headed by fathers who hold manual 
occupations show higher propensities for deteriorated health
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and nutrition outcomes. The same studies also argue that the 
effects of low parental educational achievement become more 
pronounced under conditions of household poverty.
Table 6.1 also shows the maximum likelihood estimates 
when the head of the household in which a child lives holds 
a manual occupation. The estimates of the child's age and 
gender effects are similar to those observed in the case when 
the head of the household is in a professional occupation. 
The substantive meanings of these estimates are similar to 
that offered while presenting the model predicting the 
likelihood of diarrhea when the child's father holds a 
professional occupation. However, in case where the head of 
the household is employed in a manual occupation, the 
presence of other children in the household significantly 
raises the chances that a child contracts diarrhea. The 
logit estimate in Table 6.1 indicates that a child who lives 
in a household shared by other children and headed by a 
father holding a manual occupation runs approximately 1.7 
times more risks of contracting diarrhea than that run by a 
child living in a similar household but where there are no 
other children.
The ways in which the increases in the risks of diarrhea 
that are caused by the presence of other children could be 
explained hinge on the possibilities of environmental 
contamination with pathogenic agents that are responsible for 
diarrhea. The reader is reminded that the studies of child
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health in the Third World have concluded that the presence of 
siblings in the household imparts adverse effects on the 
health of children under 5 years of age (cf Boerma and 
Bicego, 1991). The rapidity of infectious disease 
transmission when children share the same household premise 
is considered the primary mechanism underlying the incidence 
of diseases like diarrhea. The findings of this study not 
only confirm these conclusions, but point out the 
peculiarities of the effect of the variable in question 
across the scenarios based on the occupation of the head of 
the household. In comparative terms, the data used in this 
study suggest that the presence of other children in the 
household significantly increases the risks of diarrhea only 
when the head of the household is in a manual occupation.
We noted in the baseline model that the estimates of the 
effects of the Northern, Kordofan and Darfur regions 
indicated that living in any of these regions significantly 
increases the risks of childhood diarrhea. However, in the 
particular case where the head of the household to which the 
child belongs holds a manual job, the risks of diarrheal 
disease that are associated with any of the three regions 
increase decidedly. Children living in any of the three 
regions run about 3 times more risks of diarrheal morbidity 
than the risks experienced by children living in the Khartoum 
region.
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The logit estimates in Table 6.1 reveal that in 
households where the head is an occupant of a manual job, 
drinking water that is piped outside the household premises 
and nonformal toilet facilities significantly raise the risks 
of contracting childhood diarrhea. An explanation lies to 
some extent in the idea that manual occupations do not 
generate enough financial returns to ensure the sanitary 
disposal of fecal matter and the availability of clean 
drinking water. Another explanation may have behavioral 
connotations. I have pointed out earlier that the quality of 
drinking water and the method by which human fecal matter is 
disposed also serve as indicators of the degree of the 
contamination of the household environment and household 
exposure to disease-causing pathogens. Also, the reader is 
reminded that the occupation of a manual job by the head of 
a family in Sub-Saharan Africa means to varying degrees a 
household where low levels of parental education, 
unsophisticated understanding of germ theory and the 
mechanisms of disease transmission, traditional views and 
fatalism prevail. In such households, the behavioral 
adaptations (for instance, the boiling of potentially 
contaminated water and washing of hands after using the 
toilet) necessary for the prevention of childhood diarrhea 
are either at a low level of development or utterly lacking. 
It would, therefore, not be surprising to witness the
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strength and adversity of the effects of contaminated water 
and toilet facility.
Maternal illiteracy significantly raises the chances 
that a child contracts diarrhea when the head of the 
household is employed in a manual occupation instead of a 
professional occupation. The estimates in Table 6.1 show 
that children to illiterate mothers who live in households 
where the head holds a manual job are more than 19 times more 
likely to suffer from an episode of diarrhea than children 
who live in households headed by a man holding a manual job 
but have mothers with a senior secondary or higher education. 
Further, when the head od the household holds a manual job, 
it becomes necessary for mothers to attain a junior secondary 
school education in order to be able to equate the risks of 
diarrhea run by their children to the risks sustained by 
similar children to mothers who have a senior secondary or 
more education. Nonetheless, even when the head of the 
household is in a manual occupation, the estimates in Table 
6.1 indicate that increases in maternal education still have 
the propensity to cause substantial drops in the likelihood 
of diarrheal morbidity among children under the age of two 
years.
Differences by Region of Residence
Having come this far, I am still curious about the 
nature of the effect that increases in maternal education 
exert on the likelihood of child health outcome indicators.
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If the estimated models are indicating such profound 
differences in the likelihood of diarrhea among children to 
mothers who lack education compared to children of mothers in 
the high education reference category, then the question is: 
from where did the claim that maternal educational 
achievement plays no role in childhood diarrhea come? An 
additional path for further investigation could be found in 
the effects of the region of residence.
The logit estimates generated by the baseline model 
(Table 6.0) indicated significant differences in the risks of 
childhood diarrheal morbidity by region of residence. As 
noted earlier, this is more so in the case of the Northern, 
Kordofan and Darfur regions. The statistical significance of 
the logit estimates of the effects of the three regions 
provides technical excuses to contrast the data pertaining to 
these regions to that for the remaining regions and the 
estimation of multivariate models by clusters of regions.
Before proceeding with these exercises, the reader is 
reminded that studies of child nutrition and health in 
developing countries have often noted that differences exist 
in the attitudes of parents towards children across societies 
as well as across groups within societies. Thus, it may be 
possible for variations in the spatial location of households 
to capture the effect of divergent patterns of parental 
behavior towards children. Looking at the matter this way, 
one could see the potential for shifts in the effects of
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explanatory variables if differences in the regional (or 
societal) context in which the parents live are accounted 
for. Hence, before model estimation, I collapsed the data in 
such a way that the information pertaining to the Khartoum 
and Central, Northern and Eastern, and Kordofan and Darfur 
regions is separated.1 In addition to helping investigate 
the accuracy of the claim that increases in maternal 
education have no effect on diarrhea, the model estimates 
generated subsequent to this exercise could also determine 
whether educational achievements by the child's mother impact 
the probability of childhood diarrheal morbidity in different 
ways across regions.
Table 6.2 depict models that give estimates in terms of 
the region of residence. The models are identical in terms 
of the variables which constitute each one of them. They 
could, therefore, be discussed simultaneously. To start, one 
has to point out the peculiarity of the effect of the child's 
gender in the model which depicts estimates for the Khartoum 
and Central regions. The reader should note, however, that
1. I have indeed followed the technical blue prints provided 
by the estimates of the region effects in the baseline model. 
Thus, I collapsed the data pertaining to the Northern, 
Kordofan and Darfur (which showed statistically significant 
effects) into a single file and estimated a model predicting 
the outcome variable. The same procedure is repeated in the 
case of the Khartoum, Central and Eastern regions. The 
estimates generated by the two models were not informative. 
They did not show clear variations in the effects of the 
respective explanatory variables.
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in none of the models estimated in this chapter does the 
gender variable demonstrate statistical significance. What 
the estimate indicates is a significantly lower risk of 
diarrheal morbidity among female children than among male 
children in households located in the Khartoum and Central 
regions. The explanations of this finding are difficult to 
find. However, the reader is reminded that the Khartoum and 
Central regions have large urban populations, adult members 
of which are likely to espouse attitudes that reinforce the 
cumulative outcomes of the biological resilience that very 
young females have. This is a limited way of explaining the 
peculiar effect of the child's gender on the likelihood of 
diarrhea. Conceptually, there are other pathways to explain 
why female children who live in households located in the 
urban parts of Sudan may run significantly lower risks of 
diarrheal morbidity compared to their male counterparts. 
Such explanations will be left to future research of child 
health outcomes in Sudan.
The estimates in Table 6.2 indicate that irrespective of 
the region where the household in which the child lives is 
located, children aged 12 to 17 months run risks of diarrhea 
that are no greater than the risks run by children aged 6 to 
11 months. Increases in the child's age to 18 to 23 months 
significantly increase the chances that a child contracts 
diarrhea if the child live in the Northern and Eastern 
regions. In fact, the estimate in Table 6.2 indicates that
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Table 6.2 : Estimates of the Log Odds of Diarrhea by













Logit S.E Logit S.E Logit S.E
Intercept 0 .583 .357 0.777* .333 0 . 771 .431
Child's Characteristics
Age 12-17 months -0.140 . 189 0 .137 .118 0 .127 . 199
Age 18-23 months 0.295 .203 0 .263* .126 0 .211 .204
Gender (Female) -0.320* . 161 -0 . 068 . 101 -0.020 . 165
Other Children
in Household 0 . 227 . 194 0 .381 .212 0.415* . 179
Mother's Education
No Education 2.110*** .477 2 . 721*** .641 3.390*** .583
Incomp. Primary 1.459** .417 1.617** .547 2.420*** . 562
Complete Primary 0 .264 .420 1.315** . 543 1.689** . 544
Junior secondary 0 .184 .401 0 .699 . 543 0 . 701 . 515
Father's Occupation
Manual 1.759*** .301 1.641*** .367 1. 949*** . 322
Water and Sanitation
Drinking Water
(Unpiped) 0 .476 .336 1.253* .394 1.144*** .261
Toilet Facility
(Other) 0.480 .327 0 .243 .253 0.506* .257
N 764 340 638
Model Chi-Sq 96 . 026 99.502 102.388
D. F 11 11 11
-2 Log L 1623.191 1295.235 1603.396
Notes
1. *** P < 0.001; ** P < 0.01; * P < 0.05
2. The abbreviations S.E and Incomp, stand for Standard 
Error and Incomplete, respectively.
3. The reference categories are: Age 6-11 months; Gender 
(Male); No Other Children in Household; Senior Secondary+ 
education for Mother's Education; Drinking Water (Piped 
into Household); and Flush Toilet Facility.
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children aged 18 to 23 months who live in the Northern and 
Eastern regions are about 1.5 times more likely than children 
in the reference age category who live in the same regions. 
Nonetheless, the effect of age 18 to 23 months appears 
nonsignificant in models predicting the incidence of 
childhood diarrhea in the remaining regions. This indicates 
that in the case of the latter regions, children in the 18 to 
23 months age group run risks of diarrhea that are not 
greater than the risks run by children in reference age 
group.
The figures in Table 6.2 indicate that the presence of 
other children in the household does not increase the risks 
of childhood diarrheal morbidity if the household is located 
in the Khartoum, Central, Northern or Eastern regions. 
However, the presence of other children in the household 
raises the chances that a child contracts diarrhea if the 
household is located in the Kordofan and Darfur regions. The 
estimate of the effect of the presence of other children in 
the household in Table 6.2 indicates that in the case of the 
Kordofan and Darfur regions, a child who lives in a household 
shared by other children runs 1.5 times more risks of 
contracting diarrhea than that run by a child living in a 
household where there are no other children.
The estimate of the effect of the occupation of the head 
of the household indicates that working in manual jobs 
significantly increases the chances that children under 24
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months contract diarrhea. The figures in Table 6.2 suggest 
that children living in households that are headed by 
occupants of manual jobs and located in the Khartoum, 
Central, Northern and Eastern regions run 5 times more risks 
of contracting diarrhea than children living in the same 
regions but in households where the head is a professional 
occupation. The odds of contracting diarrhea if the head of 
the household is in a manual job increase in Kordofan and 
Darfur regions. The estimates in Table 6.2 indicate that 
children to fathers with manual jobs and who live in Kordofan 
and Darfur regions run 7 times more risks of suffering from 
a diarrhea episode than children who live in the regions but 
to fathers with professional occupations.
Further, the Khartoum and Central regions are 
financially endowed. The national capital and all the 
offices of the central government are found in the Khartoum 
region. The Central region is where a substantial portion of 
the export-oriented economic activity is carried out. As 
such, the region generates most of the money to finance 
national public expenditure. In addition, public health 
facilities, educational institutions and general 
infrastructure are fairly developed in the two regions. 
Given these and other improvements that urbanized regions in 
Third World countries enjoy at the expense of less urbanized 
and predominantly rural regions, it is not at all surprising 
to notice that the quality of drinking water and method of
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human waste disposal do not play significant roles in 
differentiating children in terms of the risks of diarrhea in 
the Khartoum and Central regions. In these regions, children 
who live in households where drinking water is not piped 
directly into the household premise and where formal toilets 
are not used run risks of diarrhea that are not greater than 
the risks run by children who live in households where 
drinking water is piped directly into the premises and where 
formal toilets are used.
Drinking water that is not piped into the household 
premise significantly raises the risks of diarrhea among 
children in the Northern and Eastern regions. In these 
regions, children who live in households where drinking water 
is not piped directly into the household premise run risks of 
diarrhea that are about 3.5 time more than the risks run by 
similar children who live in households where drinking water 
is piped directly into the premises.
The effect of drinking water in the model predicting the 
incidence of childhood diarrhea in the Kordofan and Darfur 
regions is statistically significant and, similar to the case 
of the Northern and Eastern regions, indicates a considerable 
increase in the risks of contracting diarrhea by children 
living in households where drinking water is not piped 
directly into the premises. The estimate of the effects of 
drinking water in the case of the Kordofan and Darfur regions 
indicates that in these regions, children who live in
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households where drinking water is not piped directly into 
the household premises run risks of contracting diarrhea that 
are about 3 times more than the risks run by children living 
in the same regions but in households where drinking water is 
piped directly into the premises.
It should be noted that the Kordofan and Darfur regions 
are financially troubled, almost constantly. They are also 
the poorest among all the regions in question (cf Sultan, 
1993) . Moreover, in the two regions is where the largest 
portion of the country's rural population is found. Among 
other things, these are also factors that underlie poor 
sanitation, contaminated household environments and 
traditional health views. All could be reflected in the form 
of strong effects of drinking water and method of human waste 
disposal. The links leading to the probability of diarrhea 
have been discussed in previous parts of this chapter and 
further elaboration would, therefore, be redundant.
Finally, outside the Khartoum and Central regions, the 
estimates indicate that it is necessary for mothers to 
complete junior secondary school education in order to be 
able to equate the risks of diarrhea run by their children to 
the risks run by children to mothers who have a senior 
secondary or higher education. The estimates also indicate 
that the effects of illiteracy get worse as one moves across 
models from the model predicting the incidence of childhood 
diarrhea in the Khartoum and Central regions to the model
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predicting childhood diarrhea in the Kordofan and Darfur 
regions. In the latter, the effects of maternal illiteracy 
on the likelihood of diarrheal morbidity among children are 
strongest.
In brief summary, the analysis in this chapter revealed 
that the effects of maternal illiteracy are statistically 
significant and tend to systematically increase the risks of 
diarrhea among children. This pattern is observed across a 
number of different models. The analysis also revealed that 
slight increases in the level of maternal education (in the 
form of an incomplete primary school education) exert strong 
downward pressures on the likelihood of diarrhea among 
children. Furthermore, successive increases in the
educational level of mothers appeared to cause successive 
drops in the risks of diarrhea among children. Finally, the 
analysis showed that children of mothers with a junior 
secondary school education run risks of diarrhea equivalent 
to the risks run by children to mothers in the senior 
secondary or higher educational category. What the data used 
in this study suggest is that the beneficial effects of 
maternal educational achievement are consistent and are not 
subject to masking or substantial attenuation.
Probabilities of Childhood Diarrhea 
Finally, I converted the logit estimates obtained from 
the baseline model (Table 6.0) to probabilities. These are 
shown in Table 6.3 below. The figures in the table
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constitute diarrhea probability profiles by the mother's 
level of education, region of residence and the father's 
occupational category. As such, the table provides a brief 
summary of the estimates presented in the preceding parts of 
this chapter.
To derive probabilities from logit estimates, I made the 
assumption that the child's age is 18 to 23 months, the child 
is male, there are other children in the household and the 
household has unpiped water and nonsanitary toilet 
facilities. I also assumed that the Khartoum and Central 
regions are low risk regions. Therefore, the logit estimate 
of the effect of each region is assumed to be equal to zero. 
Furthermore, I assumed that a senior secondary school or more 
(Senior Secondary+) education is a theoretically low risk 
educational category. The logit estimate of the effect of 
this level of maternal education is, therefore, assumed to be 
equal to zero. Given these assumptions, the estimates in 
Table 6.3 will represent the probabilities associated with 
the theoretically high risk categories.
The probabilities are calculated by using the following 
formula:
- (S0+S1X1+S1X2+ ... +SkXk)
Probability = 1 / 1 + e
where, S0 is the estimate of the intercept, through S.t are 
the logit estimates corresponding to independent variables Xx
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through Xk and e stands for exponential. The exponential of 
the expression - (S0+S1X1+S1X2+ . . . +SkXk) yields the odds of 
the outcome variable (cf Hosmer and Lemeshow, 1989).
Table 6.3 shows three columns. The first column gives 
the probabilities of contracting diarrhea when the head of 
the household is an occupant of a professional job. The 
second column gives the probabilities of childhood diarrhea 
when the head of the household is in a manual occupation. 
The figures in these columns give probability estimates by 
region of residence at each level of maternal education. I 
used the estimates in the first and second columns to 
construct the third column. It shows figures each of which 
is equal to the difference in the respective probabilities in 
each row. For each row, the difference is obtained by 
subtracting the probability estimate when the head of the 
household is in a professional job from the estimate when the 
head of the household is in a manual occupation. Thus, the 
figures in the third column represent the incremental 
increases in the probability of contracting diarrhea that are 
attributable to manual occupations.
By looking at Table 6.3 as a whole, it is obvious that 
in Sudan, the probabilities of childhood diarrhea are 
considerably high. Also, the probabilities of contracting 
diarrhea differ slightly in terms of the occupational 
category of the head of the household, the mother's level of 
education and region of residence. Furthermore, the figures
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Table 6.3: Predicted Probabilities of Diarrhea by the
Mother's Level of Education, Region of 









Khartoum and Central 0 . 994 0.998 0 .004
Northern and Eastern 0 . 997 0 . 999 0 .002
Kordofan and Darfur 0 . 997 0 . 999 0 .002
Incomplete Primarv
Khartoum and Central 0 . 979 0 . 993 0 . 014
Northern and Eastern 0 . 989 0 . 997 0 .008
Kordofan and Darfur 0 . 990 0.997 0 . 007
Complete Primarv
Khartoum and Central 0 . 962 0 . 987 0 . 025
Northern and Eastern 0 . 980 0 . 993 0 . 013
Kordofan and Darfur 0 . 982 0 .994 0 . 012
Junior Secondarv
Khartoum and Central 0 . 901 0 . 965 0 . 064
Northern and Eastern 0 . 947 0 . 982 0.035
Kordofan and Darfur 0 . 952 0 . 984 0 . 032
Senior Secondarv+
Khartoum and Central 0 .892 0 . 962 0 . 070
Northern and Eastern 0 . 942 0 . 980 0 . 038
Kordofan and Darfur 0 . 948 0 . 982 0 . 034
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in Table 6.3 show that increases in the level of mothers' 
education are associated with reductions in the probabilities 
of diarrhea among children. This is the case whether the 
child's father is in a professional or a manual occupation. 
However, at each level of maternal education and region of 
residence category, the probabilities of diarrhea among 
children to fathers in professional occupations are lower 
than when fathers are in manual jobs.
Table 6.3 shows that in the case of a mother with no 
education, the probability that her child suffers from an 
episode of diarrheal disease ranges from 0.994 to 0.999. The 
table shows that children of uneducated mothers who live in 
the Khartoum and Central regions in households headed by 
occupants of professional jobs have a 0.994 probability of 
contracting diarrhea. Children of mothers with a similar 
level of education and who live in the same regions but in 
households headed by occupants of manual jobs have a 0.998 
probability of contracting diarrhea.
Children to mothers with no education and who live in 
the Northern and Eastern regions in households headed by 
occupants of professional jobs have a 0.997 probability of 
contracting diarrhea. Children of mothers with a similar 
level of education and who live in the same regions but in 
households headed by holders of manual occupations have a 
0.999 probability of contracting diarrhea. Children of 
uneducated mothers who live in the Kordofan and Darfur
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regions have probabilities of contracting diarrhea similar to 
those observed in the case of the Northern and Eastern 
regions.
Differences in the third column show that when mothers 
are uneducated, differences in fathers' occupations do not 
account for large differences in the probabilities of 
diarrhea among children of the same age. At this level of 
maternal education, children living in households headed by- 
occupants of professional jobs have probabilities of 
contracting diarrhea that are only 0.002 to 0.004 less than 
when the heads of the households are in manual occupations.
Children to mothers with an incomplete primary school 
education have probabilities of contracting diarrhea that 
range from 0.979 to 0.997. The variation in probability is 
attributable to differences in the region of residence and 
the occupation of the head of the household. At this level 
of maternal education, children living in the Khartoum and 
Central regions and whose fathers are in manual jobs have 
0.993 probability of contracting diarrhea. When fathers are 
in professional occupations, the probability of children 
contracting diarrhea declines by 0.014 to 0.979.
Children to mothers with an incomplete primary school 
education and who live in the Northern and Eastern regions in 
households headed by occupants of professional jobs have a 
0.989 probability of contracting diarrhea. Children of 
mothers with a similar level of education and who live in the
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same regions but in households headed by holders of manual 
occupations have a 0.997 probability of contracting diarrhea. 
Children of mothers with incomplete primary school education 
who live in the Kordofan and Darfur regions and whose fathers 
have manual jobs have a 0.997 probability of contracting 
diarrhea. Children to mothers with similar education and who 
live in the same regions but in households headed by 
occupants of professional occupations have a 0.990 
probability of getting diarrhea.
The figures in the third column of the second panel 
indicate that in the Khartoum and Central regions, the 
occupation of the head of the household accounts for a 
difference in the probability of diarrhea among children. 
The table shows that children of mothers with an incomplete 
primary school education and whose fathers are in 
professional occupations have probabilities of contracting 
diarrhea that are 0.014 less than the probabilities for 
children to mothers with the same education but whose fathers 
are in manual jobs. However, at this level of maternal 
education, children living in other regions in households 
headed by occupants of professional jobs have probabilities 
of contracting diarrhea that are only 0.007 to 0.008 less 
than the probabilities when the heads of the households are 
in manual occupations.
The first two columns in Table 6.3 show that when 
mothers have completed primary school education, the
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probability of their children falling sick with diarrhea 
ranges from 0.962 to 0.994. Children of mothers who 
completed primary school and who live in the Khartoum and 
Central regions in households headed by occupants of 
professional jobs have a 0.962 probability of contracting 
diarrhea. Children of mothers with a similar level of 
education and v/ho live in the same regions but in households 
headed by occupants of manual jobs have a 0.987 probability 
of getting diarrhea.
Children to mothers who completed primary school and who 
live in the Northern and Eastern regions in households headed 
by occupants of professional jobs have a 0.980 probability of 
contracting diarrhea. Children of mothers with a similar 
level of education and who live in the same regions but in 
households headed by holders of manual occupations have a 
0.993 probability of contracting diarrhea. Children of 
mothers with a primary school education and who live in the 
Kordofan and Darfur regions in households headed by occupants 
of professional jobs have a 0.982 probability of getting 
diarrhea. Children of mothers with similar education and who 
live in the same regions but in households where fathers are 
employed in manual occupations have a 0.994 probability of 
contracting diarrhea.
Table 6.3 also shows that when mothers have a primary 
school education, professional occupations account for 
reductions in the probabilities of diarrhea among children of
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the same age. At this level of maternal education, children 
living in households headed by occupants of professional jobs 
have probabilities of contracting diarrhea that are 0.012 to 
0.025 less than the probabilities when the heads of the 
households are in manual occupations.
The first two columns in the fourth panel of Table 6.3 
show that children of mothers with a junior secondary school 
education have a 0.901 to 0.947 probability of falling sick 
with diarrhea. Children of mothers at this level of 
education and who live in the Khartoum and Central regions in 
households headed by occupants of professional jobs have a 
0.901 probability of contracting diarrhea. Children of 
mothers with a similar level of education and who live in the 
same regions but in households headed by occupants of manual 
jobs have a 0.965 probability of getting diarrhea.
Children to mothers with a junior secondary school 
education and who live in the Northern and Eastern regions in 
households headed by occupants of professional jobs have a 
0.947 probability of contracting diarrhea. Children of 
mothers with a similar level of education and who live in the 
same regions but in households headed by holders of manual 
occupations have a 0.982 probability of contracting diarrhea. 
Children of mothers with a junior secondary school education 
and who live in the Kordofan and Darfur regions in households 
headed by occupants of professional jobs have a 0.952 
probability of getting diarrhea. Children of mothers with
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similar education and who live in the same regions but in 
households where fathers are employed in manual occupations 
have a 0.984 probability of contracting diarrhea.
Table 6.3 also reveals that professional occupations are 
associated with smaller probabilities of diarrhea among 
children of the same age. Figures in the third column of the 
fourth panel in the table show that at this level of maternal 
education, children living in households headed by occupants 
of professional jobs have probabilities of contracting 
diarrhea that are 0.032 to 0.064 less than the probabilities 
when the heads of the households are in manual occupations.
Children of mothers with a senior secondary school or 
more education and who live in the Khartoum and Central 
regions in households headed by occupants of professional 
jobs have a 0.892 probability of getting diarrhea. Children 
of mothers with a similar level of education and who live in 
the same regions but in households headed by occupants of 
manual jobs have a 0.962 probability of falling sick with 
diarrhea.
Table 6.3 shows that children to mothers with a senior 
secondary school or more education and who live in the 
Northern and Eastern regions in households headed by 
occupants of professional jobs have a 0.942 probability of 
contracting diarrhea. Children of mothers with a similar 
level of education and who live in the same regions but in 
households headed by holders of manual occupations have a
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0.980 probability of getting diarrhea. Children of mothers 
with a senior secondary school or more education but who live 
in the Kordofan and Darfur regions in households headed by 
occupants of professional jobs have a 0.948 probability of 
getting diarrhea. Children of mothers with the same 
education and who live in the same regions but in households 
where fathers are employed in manual occupations have a 0.982 
probability of contracting diarrhea.
Finally, the figures in the third column of the fifth 
panel reveal that professional occupations account for 
reductions in the probabilities of diarrhea among children. 
Children of mothers with senior secondary or more education 
and who live in households headed by occupants of 
professional jobs have probabilities of contracting diarrhea 
that are 0.034 to 0.070 less than the probabilities when the 
heads of the households are in manual occupations.
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CHAPTER SEVEN
SUMMARY AND RECOMMENDATIONS
The major purpose of this study is the investigation of 
the nature of the effect that increases in maternal education 
exert on the likelihood of diarrhea among young children in 
Sudan. My concerns about the effect of maternal educational 
achievement on diarrheal morbidity are caused by a number of 
factors. The literature on the health and survival 
performance of children in Sub-Saharan Africa consistently 
suggests that diarrheal morbidity is the main culprit 
underlying the elevated levels of childhood mortality. The 
literature also suggests that maternal educational 
achievement is causally associated with lower probabilities 
of childhood diarrhea and mortality. However, given the fact 
that diarrhea can be prevented and is easily treated when it 
occurs, the argument that increases in the level of maternal 
education do not contribute to a reduction in the likelihood 
of this affliction in Sudan (Department of Statistics, 1991: 
100) puzzles me.
As stated earlier, the main objective of the statistical 
analysis carried out in the previous chapter is to determine 
whether increases in the level of the mother's education 
contribute to declines in the likelihood of childhood 
diarrheal morbidity in Sudan. A related objective is to
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determine if the effects of maternal educational achievement 
on the probability of childhood diarrheal morbidity are 
consistent. In addition, the analysis is also intended to 
determine if the risks of diarrheal morbidity among children 
of uneducated mothers differ markedly from risks run by 
children of mothers with senior secondary or higher 
education. Thus, a number of logistic regression models were 
estimated and presented in Chapter Six.
What became apparent throughout the previous analysis is 
the fact that, contrary to my expectations and to that of the 
current literature on child health in the Third World, female 
children in Sudan are not at a health disadvantage. The 
logit estimates obtained in the previous chapter indicate 
that female children run the same risks of diarrheal 
morbidity as their male counterparts. The mechanisms 
underlying this observation are not clear yet. What 
complicates the situation is the fact that Sudanese society 
fits in every conceivable detail the description of a male- 
dominated society. Accordingly, females in general and 
female children in particular are expected to exhibit signs 
of a disadvantaged existence. Among female children, a 
higher risk of diarrhea than that experienced by male 
children of the same age is considered a telltale sign of 
such misfortune. However, this is not what the model 
estimates suggest.
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The explanation of the finding that being a female child 
does not necessarily bring about an associated higher risk of 
diarrhea than the risk run by a male child in the same age 
category may lie in the possibility that female children are 
biologically more resilient. Their bodies may be equipped to 
fight off diseases, like diarrhea, more efficiently. This 
capacity may well be responsible for the equalization of the 
risks of diarrheal morbidity for female children to the risks 
run by male children. All indications show that this 
capacity is powerful enough to overcome the health-related 
disadvantages to which female children in Sudan are 
subj ected.
Turning to the mother's level of education, the analysis 
in Chapter Six indicates that maternal educational 
achievements past the primary school level are associated 
with lower likelihoods of diarrheal morbidity among children. 
The substantive meaning of this finding is that educational 
achievements past the primary school level produce powerful 
effects that equate the risks of diarrhea run by the children 
of mothers with moderate education to those run by children 
of mothers in the educational reference category. As I have 
argued earlier, this result is not surprising. Previous 
studies of child health outcomes in developing countries have 
suggested that the information necessary to combat the onset 
of childhood diarrhea could be appropriately understood by 
mothers with moderate education. As such, differences in the
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likelihood that children contract diarrheal disease cease to 
exist among mothers who have more than a moderate level of 
education. Technically, what the data used in this study 
reveals is that the incremental effects of higher education 
are too small to significantly differentiate the probability 
of diarrhea among children of mothers with junior secondary 
(Junior Secondary) school education from that among children 
of mothers in the senior secondary or higher (Senior 
Secondary+) education reference category.
Another significant finding is that the effects of 
maternal education are more dramatic at lower than at higher 
levels of educational achievement. This finding qualifies 
the importance of the role played by fathers. One has to 
remember that, in Sudan, fathers are culturally removed from 
the domain of child rearing activities. A good example of 
the cultural removal of fathers is found in the study by Hall 
and Ismail (1981) who point out that, in contrast to the 
accepted practice for husbands in the industrialized 
(developed) Western societies,
"to be present at the birth of their child,
Sudanese men consider that this is a sphere in 
which they can play no role and are never with 
their wives at the moment of delivery.
Sudanese society is still essentially 
conservative and it would be thought unseemly 
by both partners for the husband to witness 
his wife's intimate labours" (Hall and Ismail,
1981: 176) .
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In Sudan, child care during the preschool years is 
strictly the responsibility of the mother. Hence, the 
consistency of the effect of increases in the mother's 
educational level on the likelihood of diarrheal disease 
among children is a strong indication that mothers put their 
knowledge about disease prevention to practice. This appears 
to be the case regardless of the type of occupation held by 
their husbands.
Slight increases in the mother's level of education, by 
even as little as that indicated by an incomplete primary 
school education, cause large reductions in the likelihood of 
diarrhea among children. The analysis in Chapter Six shows 
that a mother needs to take only a few steps in the path of 
formal education to be able to effectively reduce the 
chances, by as much as 50% or more, that her child will 
contract diarrhea. Such capability is demonstrated in every 
model run during the analysis conducted in Chapter Six.
The models predicted in Chapter Six provide valuable 
insights into the relationship between maternal education and 
childhood diarrhea. They clearly indicate that inferences 
alluding to an altogether unimportant effect of increases in 
the mother's level of education on the incidence of childhood 
diarrhea (cf Department of Statistics, 1991: 100) are
incorrect. These inferences are most likely to have been 
made on the basis of models that were not properly specified.
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As expected, living anywhere outside the Khartoum 
(reference) region or the Eastern and Central regions of 
Sudan poses a threat to children's health. The model 
estimates clearly show that residence in the Northern, 
Kordofan or Darfur regions significantly increases the 
chances of diarrheal morbidity among children. The estimated 
odds ratios that correspond to the effects of these regions 
indicate that children living in any of them are about two 
times more likely to suffer from diarrhea than children 
living in the Khartoum region. In explaining this finding, 
I emphasize the lack of public investment in health 
facilities and the low level of environmental sanitation as 
being the main reasons behind the negative influences exerted 
by these regions.
The estimates of the effects of the quality of drinking 
water and toilet facility point to an elevated chance of 
diarrheal morbidity among the target children compared to 
children in the corresponding low risk (reference) 
categories. However, the magnitude by which each of these 
variables increases the likelihood of diarrhea is 
unexpectedly small. The estimates suggest that children who 
live in households where drinking water is obtained from 
sources that are likely to be contaminated by disease-causing 
pathogens and where unsanitary toilets are used are, on 
average, about 1.4 times more likely to contract diarrhea 
than children in the reference categories. However, when
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regions other than the Khartoum and Central regions are 
considered, the effect of the quality of drinking water on 
the likelihood of diarrhea appears strong. This is not 
surprising. Outside the Khartoum and Central regions, little 
is spent on facilities for the purification of drinking water 
and the extension of water pipes to households . In each of 
the more rural regions, the supply of drinking water for the 
family is likely to originate in contaminated sources. The 
strength and statistical significance of the effect of 
drinking water in these regions is, therefore, expected.
Yet, what is concluded from these findings is that the 
effects of unsafe drinking water and unsanitary toilet 
facilities are not large enough to substantially raise the 
risks of diarrhea among the children in the high risk 
categories in comparison with children in the reference 
categories. Here is where the puzzles lie. The 
environmental conditions in Sudan, specifically the low 
quality of drinking water and inadequacies of human waste 
disposal methods, have been singled out as the main factors 
which significantly raise the likelihood of diarrheal disease 
among young children (cf Department of Statistics, 1982: 7). 
What the findings of this study point to, however, is an 
inconsistency in the previous suggestions regarding the 
magnitude of the effects exerted by the quality of drinking 
water and the sanitation level of the household. The reader 
is reminded that the previous studies of child health
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outcomes in Sudan suggest that these effects are considerably 
strong. The data used in this study suggest the opposite.
The models in which the father's occupational category 
serves as the control variable shed more light on the nature 
of the effects of increases in maternal education on the 
likelihood of childhood diarrhea. The estimates clearly 
indicate that the beneficial effects of educational 
achievement past illiteracy are not easy to mask. The 
education effects in these models demonstrate a pattern of 
statistical significance consistent with what is observed in 
the other models in Chapter Six. Furthermore, the estimates 
indicate that attainment of junior secondary school education 
by the mother has a strong and consistent potential. It 
reduces the risks of diarrhea among the children of mothers 
with such education to the point where they equal the risks 
run by the children of mothers in the high education (Senior 
Secondary*) reference category.
Having come this far, I am now in a position to state 
that increases in the level of the mother's education do 
indeed have the potential of significantly reducing the 
likelihood of diarrheal morbidity among young children in 
Sudan. In addition, such demonstrated ability remains 
consistent regardless of which statistical controls are 
applied to the model equations used in the analysis.
On the basis of the previous discussion, I can now offer 
one main suggestion. To begin, the ability of Sudan to
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effectively combat diseases that have the potential of 
threatening the lives of young children will continue to be 
severely undermined as long as there are females with 
inadequate education. Strong assurances that females acquire 
sufficient education should, therefore, be demanded in formal 
national health policy plans. The findings of this study 
suggest that the financial expenditures to guarantee female 
education are necessary for long term development. I pointed 
out in a preceding part of this dissertation that one of the 
requirements of increases in future economic productivity is 
the availability of a healthy labor force. The latter can 
only come about in the absence of crippling diseases during 
the early years of the child's existence. If the various 
forms of childhood morbidity respond to maternal education in 
the same pattern observed in the case of diarrhea, then it 
follows that all manner of investments in education will be 
worth the effort.
Therefore, childhood diarrhea control programs in Sudan 
should focus on illiterate mothers and mothers with an 
incomplete primary school education. It is necessary to 
inform these mothers about specific practices (such as the 
boiling of unpiped drinking water and washing of hands) which 
help to prevent the occurrence of diarrhea. It is also 
necessary to teach uneducated mothers about how to prepare 
rehydration solutions and inform them of the importance of 
theses solutions in keeping children with diarrhea alive.
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APPENDIX: CORRELATION MATRIX OF THE ANALYSIS VARIABLES
1 2 3 4 5 6 7
1 1.0000
2 0.0451 1. 0000
3 -0.0073 -0 .5508 1.0000
4 -0.0394 -0.4578 -0.4899 1.0000
5 0.0060 0.0013 0.0009 -0.0023 1.0000
6 0.0491 -0.0095 -0.0107 0.0214 0 .0011 1.0000
7 -0.0204 0.0022 0.0196 -0.0232 0 .0118 0 .0202 1.0000
8 -0.0306 -0.0086 0.0110 -0.0028 -0 .0018 0 .0051 -0.1147
9 0.0426 0.0006 -0 . 0032 0.0028 0.0006 -0.0036 -0 .1789
10 -0.0259 0.0044 0.0082 -0.0134 0.0001 0 . 0071 -0 .2791
11 -0.0128 -0.0051 -0.0053 0.0109 0 .0006 -0 . 0010 -0.2068
12 0.0310 -0.0069 -0.0097 0.0176 0 .0020 -0 . 0171 -0.1984
13 0 . 0336 0.0235 0.0386 -0.0656 -0.0027 0 . 0421 -0.0266
14 0.0354 -0.0083 -0.0311 0.0418 -0.0021 -0.0165 -0 . 0208
15 -0.0500 -0.0075 -0.0230 0.0323 -0 . 0028 -0 . 0360 0 . 0289
16 -0.0322 -0.0244 0.0193 0.0049 -0.0070 0.0343 0.0291
17 -0.0416 0.0051 -0.0276 0.0241 0.0265 -0 . 0636 0.0335
18 0.1364 0.0313 -0.0143 -0.0174 0.0079 0.3346 -0.2479
19 0.1240 0.0165 0.0304 -0.0497 -0.0118 0.2407 -0.1982
20 0 . 1608 0.0203 0.0004 -0.0217 -0.0154 0.1511 -0 . 0848
21 0.0669 0.1816 -0.2539 0.0808 0 . 0051 0.0878 -0.0994
22 0.0968 -0.0577 0.0822 -0.0274 -0.0461 0.0004 0.0094
23 -0.0276 -0.0927 0.1370 -0.0491 0.0221 -0.0151 -0.0267
24 -0.1413 -0.0859 0.1298 -0.0486 0 . 0349 -0.0546 0.1095
25 -0.1002 0.0298 -0.0787 0.0527 -0.0092 -0.0962 0.0973
26 0.0697 0.0746 -0.0952 0.0235 -0.0169 0 . 0561 -0.0170
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9 -0 . 0970 1. 0000
10 -0 . 1514 -0.2361 1.0000
11 -0.1121 -0.1749 -0 .2729 1.0000
12 -0.1260 -0.1965 -0.3065 -0.2271 1.0000
13 0.0019 0 . 0331 -0 .0494 0.0232 0.0404 1.0000
14 0 . 0428 0.0041 -0.0263 -0.0010 0.0142 -0.6099 1. 0000
15 0 . 0022 0 . 0038 -0.0197 -0.0079 -0.0074 -0.4103 -0 . 1928
16 -0 . 0489 -0.0395 0.0683 0.0039 -0.0482 -0.3113 -0 .1463
17 -0 . 0420 -0.0655 0.1508 -0.0569 -0.0676 -0.1918 -0 . 0901
18 0 . 0051 0.0616 -0.1323 0.1548 0 .1945 0 .5627 -0 .2132
19 0.0560 0.0597 -0.2157 0.1469 0 .2208 0.5728 -0 .2801
20 0 . 0291 0.0487 -0.1110 0.0523 0.1040 0.6457 -0 .0950
21 -0.0152 0.0019 -0.1411 0.0892 0.1854 0.6216 -0 .3749
22 0 . 0488 0.0516 -0.0756 0.0339 -0.0308 0 .0034 0 .2915
23 -0.0072 -0.0025 0.1166 -0.0601 -0.0477 -0 .3353 0.1985
24 -0 . 0093 -0.0286 0.0985 -0.0716 -0.1206 -0 .3672 -0.0491
25 -0 . 0483 -0.0754 0.1181 -0.0542 -0.0825 -0 .2207 -0 .1037
26 0 . 0278 0.0351 -0.1615 0.0804 0.0809 0 .4127 -0 .1424
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17 -0.0606 -0 . 0460 1.0000
18 -0.3063 -0.2579 -0.1617 1.0000
19 -0.2778 -0.2274 -0.1259 0.7894 1.0000
20 -0.4110 -0 .4144 -0.2646 0.5579 0.5064 1.0000
21 -0.2601 -0.1973 -0.1142 0.5556 0.5944 0.4514 1.0000
22 -0.1925 -0.1711 -0.1085 0.0549 -0.0312 0.2234 -0.4652
23 0.3037 -0.0008 -0.0862 -0.3419 -0 .3458 -0.2333 -0.3698
24 0.2827 0.4203 0.0350 -0 .3547 -0.3074 -0.5062 -0.2666
25 -0.0215 0.1890 0.6812 -0.1861 -0 .1487 -0.3044 -0.1399
26 -0.2776 -0.0814 -0 .2147 0.4039 0 .3913 0.3527 0.4102
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23 -0 .3300 1.0000
24 -0 .2379 -0.1891 1. 0000
25 -0.1248 -0.0992 -0.0715 1.0000
26 0.3660 -0.6790 0.2098 -0.3410 1.0000
Notes
1. The numbers that appear horizontally at the top and on 
the column to the left of the correlation coefficients in the 
appendix represent respective analysis variables. The 
variables are represented as follows: l=Diarrhea; 2=Age 6-11 
months; 3=Age 12-17 months; 4=Age 18-23 months; 5=Gender 
(Female); 6=Health Services Use (Low); 7=Khartoum Region; 
8=Northern Region; 9=Eastern Region; 10=Central Region; 
ll=Kordofan Region; 12=Darfur Region; 13=No Education 
(Mother); 14=Incomplete Primary (Mother); 15=Complete Primary 
(Mother); 16=Junior Secondary (Mother); 17=Senior Secondary+ 
(Mother); 18=Drinking Water (Unpiped); 19=Toilet Facility 
(Other); 20=Manual (Occupation); 21=No Education (Father); 
22=Incomplete Primary (Father); 23=Complete Primary (Father); 
24=Junior Secondary (Father); 25=Senior Secondary+ (Father); 
26=Other Children in Household.
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